


PJiKFAOE TO Tlll^] FIRST EDITION. 


In the preparation of this book I have been muon 
encouraged hy the cordial reco})tion Avdjich lias been 
given my earlier text-books, both in this coniitry and 
abroad. AVhile. those earlier works are intended to form 
a series of which the present volume is the most advanced 
meinbei’, it has little in common with the lower mem- 
bers exca^pt the general method of treatment. An ocea- 
ftional paragraph from the “ Rriefer Course” has been 
incorporated, but the two books are quite distinct. 

In classifying the elements the periodic system has 
bemi adopted, and this has been pretty closely adhered 
to. In order to secure as logical treatment as possible 
it has been tliought best not to give detailed descriptions 
of a])paratus and spiailic. directions for the prejiftration 
of substances, in the text jirojicr. By avoiding these the 
attention can be better directed to the principles involved 
and a clearer conception of these principles will be formed, 
than wIkmi the atbmtion is distracted by the reading of such 
details. On the other hand, full descriptions of ap])aratus 
and processes will be found in the Apjiendix ; and these, 
it is believed, will be of service to the teacher in the 
l(‘cture-room, asw(dl as to the student in tlui laboratory. 

The feature of the book which perhaps most distin- 
guishes it from others is the fulness with which general 
relations are discussed in it. Attention is (constantly 
called to analogi('s betwtam properties of sulistances and 
b(*tween chemical reactions, so that tine thoughtful 
student will, it is ho})ed, be led to look upon the sub- 
stances and the rea<dions not as inde]iendent of one 
another, but as related in many ways, and thus forming 
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parts of a system. All tliiiil^iiij^ (‘luMiiists liave no (loul)t at 
times an indistinct vision of a perfect science of Clumiis- 
try yet to come, in wliicli tli(‘ relations of the parts ^vill 
l)c cl(‘arlv S(MMi, and in Avliich miicli tlmt now appears of 
little or no importance will l)e ret'o^ni/AHl as sip,idticant. 
Idle sn1)j(‘ct cannot as yet, liowevm-, he treahal as if that 
per[(!ctioii had been reached. iM iich progress has been 
made of late ycairs in the classili(*ation of tin' tacts, and 
it is of prime importance to the student that gemn'al isda- 
tions should Vie ])ointed out for him as clearly as j)ossil)le. 

Of course in the classilication of facts tin' ('lul is not 
reached. In everv (*ase of chemical action tlu'i’e ait 
certain fcaaturt's whitdi call for miudi d('e[a'r study than 
is usuallv given to tlnmi. For the Jiiost ])art diemish 
hav(' been content to know wlmt chemical changt'S tak( 
place wlum two or mort‘ substances art^ lironght into 
action, and have paid much h'ss attention to thti accoih- 
pain ing pihenomena ; and yet it is ('vidmit that, iii 
order to get a clear conception of tiie nature of the 
chemical act, it is m'cessary that we should learn all 
we ])ossil)ly can in r(\gard to that ad. Of late yi'ars 
nioia^ and more attention has been given to the study of 
the phenoimma accompanying (diemical (diangi's ; and 
a clearer view has been gained regarding chemical 
action. A grca,t held of study is thus opened, ^\hicl 
bears to the science of Chemistry as a whole somewhat 
the same relation that Pliysiidogy bears to Biology, while 
the study of (dminical su1»stances and their (dianges as 
usually carried on is in the same way the counter|)art 
of IMorphology. Neither of the parts ta-lam s(‘]»arafcly 
is Chemistry in the fullest sense. It will never be ])os- 
sil)lo to study (diemistry Avitliont taking up and working 
with chemical siibstanci's ; but as know ledge grow s, 
more and more' attemtion wall suiely lie given to cln'inical 
action. In this I)ook considerable space is devoted 
to the discussion of the results obtained in the latter 
hind of studv. Some, no doulit, will hold tlnit even 
more prominence sliould have been given to this side ot 
the subjed. Imleed I shall be glad if some of those' wln> 
use the book become interested in the new j)rol)lems. 
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and go further into tlieir study. It lias not, however, 
appeared to me advisable, considering the purposes for 
which tliis book has been written, to discuss them more 
fully. 

Tlie subject of the Constitution of Cheinical Compounds 
receives a due sliaro of attention. Constitutional for- 
mulas are not, however, used recklessl}^ as though they 
wer(^ ])rovided by nature ready-niad(‘ ; but tlie effort is 
made to keep cleaily in mind the facts which they ex- 
pr('SB so that tliey may be used intelligently. In this 
connection I may (!all special attention to tlie way in 
which the constitution of the so-called double salts of 
, the halogens is treated. To those Avho have not care- 
fnlly looked into the evidence, the formulas used will 
perhaps appear too speculativ<\ I should be sorry to 
err in this direction. For some time ])ast the view put 
forward has seemed to me to be justiticHl, and I find that 
others whoso judgment I respect have held the same 
view' at least in regard to some of the com])ounds in 
question. As, genei'aily Siieaking. these compounds are 
treated inadequately, and as tln^y are commonly regarded 
as inexplicable, I propose soon to present, in the proper 
place, the evidence upon which my present view •rests, 
w'hen it will, I think, be found that the evidence is fully 
as strong as that upon which our views concerning the 
constitution of most compounds are founded. 

Ira PiEMSKN. 

BAi/FTMOim, March, 1889. 


PREFACE TO SECOND EDITION. 


The call for a new (‘dition of this book has giv(^n me 
an op})ortunity to make some desirable changes, and to 
corre(;t those errors to wdiich my attention has been 
dinu'ted by others or which 1 have myself discovered. 
The revision is based upon the labors of a very consid- 



VI 


PREFACE. 


orablo inmiber of ifoaders who liavo given me the benefit 
of ‘their (‘riitieirtiiis, and 1 take this opportunity to expn'ss 
my sincere tliauhs to all those who have aided me. 
Slioidd any one using the new edition discover errors in 
it, I shall be thankful to be informed of the fact. It 
seems fair to say that I have lieard only words of com- 
nuMidation in regard to the general plan and spirit of 
the book. 


Baltimore, Decembo' 6 , 1889 . 


Ika Kemsen. 


PREP AO h: TO EhRhH EDITION. 


DuiiiNO the eiglit y(‘ars tliat have ]>assed siiice tin' 
second edition of this book was ])ul)lislj(Hl a iiunilxu’ (M' 
minor (;orr(‘(!tions have been mad(‘ in it from time t(> 
time. It has now, how(*ver, beim sul)j(n*i('d to a thoroiigli 
j’(', vision, and it is hojunl tliat tliis m-w editio]i will be 
fouiid to contain everything that can fairly lookcal fo)' 
ill a, hook of its si/(L A mov Appendix lias heim added 
('(Uitaining much information concerning thi^ pi-opr'rtii's 
of a, large numher of compounds which are necessarily 
treated brieily or not at all in the text. 

It may not he inappro|)riate to mention the fact that 
tlie liook has lieen well lauadved not only in this conntrv, 
but in England a,nd in ( lermany, a ( hu nian tr anslation 
having apjiean'd shortly afhir the iuildication of the fir st 
American edition. 

IjiA IIe.msen. 

BAi/i’iMoiii-:, February 21 , 1898 . 
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CHAPTER 1. 

CHEMICAL AND PILYSKJAL CHANGE— EARLIEST CHEMI- 
CAL KNOWLEDGE— LAW OF THE INDES rULlCTlBlLITV 
OF MATl'ER— LAW OF DEFINITE I»l{OPOK riONS— LA VV 
OF MULTIPLE PROPORTIONS— THE ELEMENTS. 

Matter and Energy.— Tlie sonsible universe is made up 
of injitLvr and ('uer^^y. It is diltieult to ^dve satisfactory 
dotiiutions ()[ eitlKU- of tli(‘SO terms, but, in a general way, 
it may be said tliat matter is anything which ()ccu])ies 
space, and energy is tliat which causes change in matter. 
It retpiires but little obs(‘Vva.tion to show that tliere arc 
many kinds of nmtter, and apparently nuiny kinds of 
energy. As examples of the dilhuviit kinds of matter wo 
have the many varicdies of rocks a.nd earth, as granite, 
limestoiK', cpiart/, clay, sand, (‘t(*. ; th(‘ plants and tlndr 
friiits ; the substanci^s which enter into the composition 
of animals ; and innunnu-able manufactured products. 
As exainph's of the dillercuit forms of energy, we have 
lieat, light, motion, etc. Under tln^ inlhnmce of the forms 
of energy the forms of ma,tt(‘r are constantly undergoing 
(‘hange. Everywhtu'e thes(‘ chang(‘s are taking place. 
Olianges *111 position and in tem])erature a])p('al most 
directly to our sensi's, and an' most easily studicnl. Hut 
there are many other kinds of cliange which are of the 
highest iniportancc'. Thus there are (dectrical changes, 
manih'stations of whitdi we S(‘e in thundm-storms ; there 
aa’(' magnetic changes Avliicli may be studied to some ex- 
tent by means of the magnetic needle ; and there are, 
further, what are called chemical changes which affect 
the composition of substances. 


( 1 ) 
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Chemical Change. — For tlie purpose of study it is con- 
venient to distingnisli betwi'cn two classes of chang(‘s in 
matter, the diderence. la'twt^t'ii wliicli can best be made 
clear by means of (‘xamph's. Consider tlie changes in- 
Cuded linden* tiici li(‘ad of We siu^ siibstanci^s de- 

stroyed by lircs as \\(‘ say. d’liey disappiNir an far as we 
can (leb'rniiiK^ by ordinai*y olise'rvation. When iron is ex- 
})osed to tln^ air a serious cJian^^e takes ])lac('. It Ixn’onn's 
coveni'd with a rcaldisli-lirown substaiK-i^ whic'h Ave call 
rust. If the pieci' of iron is com|)aralivel v thin, and it b(‘ 
.allowed to lie in the air Ioiil;' (Mioii^Ii, it is coiupletclv 
changeHl to tin; reddish-lirown substance^, and no iron as 
such is hd’t. If tin* juice's from fruits, as from a])ph's, In* 
allowt'd to stand in tln^ air, tln*y ninh'i’go chaiij^n*, l)('com- 
in^ sour, and a sonnnvhat similar change take's ])lace in 
milk. If a, spark be*, brought in ceentact Avith <^un[)e)wder 
tlieie' is a Hash ainl the' [lowder disappears, a de'iise' cle)uel 
appe'ai'ing in its place'. 

Ill the changes reterri'd to tln^ substaiie'i's clninged dis- 
ap})('ai’ as such. Afte'i* the*. tii*e', the Avoeeet e>r the'. ce)al, 
or wliateAve'r may be^ bunn'el, is no heuge'r te) be* foiiiiel. 
The rnste'el iron is no longe'i* irem. 'Jdu' guii|)e)i\'eh'r after 
the fl.Msh is no longer guiipoAVeh'r. Change's e>f this kiinl 
in which tln^ substance's elisapjee'ar and something e'lse* is 
feernieel in tlu'ir ])lae‘e' are' kne>wn as rhrmirnJ elHt/H/rs. 

Physical Change. — 'riiei'e' are* many change's taking 
])l;ie‘e' w hie'h eh) ne)t a.Hce't the' ce)mpe)silie)n e)f sul)stane*('s. 
li'nii, f()i‘ exaieiph*, may be* change'el in many ways aiiel 
still re'main ireeii. It may bee'ome’; hotte'i* eer cohlei*. Its 
])e)siiion may be^ change'el, e)r, as we sa,v, it mav be' meeve'el. 
The* ireiii may be* sti'ue*k in such a way as te) ^ive* tbrth 
soiinel. It may be' maeh' se) liot that it giA’e'S light. 
A\ he'll, tor e'xanij)le', it lie'conie'S re'el-he>t, it can be se'i'ii in 
a elark ]'i)e)in. A pie'e'e* e)t' ire)n may be* e*lmnge*el fui'the'r 
by ce)k']ie*e‘ting it witii what is kiown as a ga.l \ aiiic liat- 
te'ry. A e-un*e‘nt e)f e'h'e-trie'ity tlie'ii jiasse's thi-oiigh it, ami 
Ave' can e'asily re'ceegni/e tlm eliHe'i'e'ne-e! bi'twe*e'n a piece of 
iron through whie*h a current of ('lectrie-ity is jiassing and 
one through which ru) curre'iit is ])assing. The former 
when brought into certain liepiiels Avill at once change 
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their composition, wliile tlie hitter will not cause siu h 
change, h'inally, wlnni a piece ol’ iron is brought in con- 
tact with loadstone, it accpiires new ])r()perties. It now 
has the power to attraid and liold to itself other pieces 
of iron. In all these cases, tlui iron is changcMl, but it re- 
mains iron. Aft(U’ the moving iron conn^s to rt^st, it is 
exactly the same tiling that it was Indore it Avas moved. 
Aft(‘r tli(' iron Avhich is giving forth sound has c(‘ased to 
giv(' forth sound, it returns to its original condition. Jnd 
th(' heatml iron alone, and it cools down, ceasing soon to 
give light, and presenting no evidence of being Avarm. 
bemove tlie iron from contact Avith the galvanic battery, 
and it los(\s those proj)erties Avhich arc; dm' to tln^ cni i^'iit 
of electricity. In time, the iron Avhiidi is niagmdizt'd by 
c.ontaxd. with the loadstoin'! loses its magmdic* propm ties. 
It then no loiigm* has the ])ow('r to attraid otlu'i; piece's 
of iron ; and does not dilfer from ordinaiw ii'on. 

W liih' iron has b('('n taken as an ('xample, other sub- 
stanc('s nmh'i’go simihu' (diang('S. ddn'si' change's Avhicli 
do not at’tt'ct the' (composition of tin' substances arc' called 
phtfsirdl (‘hdjdji’s. 

Physics and Chemistry. - According to Avhat has bi'en 
said, AVf' have two classes of changes prc'sc'iited to us for 
study : 

( 1 ) ddiosc' Avhich do not atlect tin' com])osition of sub- 
stances, or ])hysica,l changes. 

f‘2) Those Avhi(‘h do alh'ct the coin[)osition of sub- 
stance's, or chemical change's. 

l liat brain'll of science' whic'h has to eh'al Avith ])h\sical 
(diange's is known as Ihnsies. And that which has to 
(h'al Avith (diemical change's is known a.s ChiK.AiisTnY. 

tiV('ry tiling that lias to do with motion, lu'at, light, 
sound, e'h'edricity, and magne'tism, is studie'd under tln^ 
head of riiysics. Kverything that has to do Avith tin' 
com])osition of substance's is studie'd under the he'^id of 
(dn'iiiistry. It is, liowe've'r, impossible to study these' two 
subjects ('iitirely ineh'pe'inh'ntly of e'ae'li other. \\ In'ii- 
exei a chemical change take's ])lace, it is acceAnijianie'd 
physical changes; and in order that the former mav 
be clearly undersLoeal, a study of the latter is necessaiw. 
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Earliest Chemical Knowledge. — Tliose substances wliicli 
are most abundant and most widely distribut(Ml in nature 
were, of course, the iirst known and studied; and the 
same is true of those chemical changes which oiamr most 
commonly and prodiu'e the most strikiiij^ (dlecds. Himply 
by observing; those thinj^^s whicli surround us and those 
clian^n's in com})osition which take place naturally, a 
consid(n*able amount of chemical knowledge might be 
gained, and imhaal tlie earliest knowledge' of chemistry 
was accpiired in this Avay. it Avas not, how('V('r, until 
men came to experiim'iit u})on the substances Avdiich tliey 
found in nature, that knowh'dge of chemical changes 
made rapid })rogr(‘ss. Sima^ tlnm an enormous amount 
of knowledge' has be'e'ii gaim'd, anel ('Very ye'ar tlu' stock 
is increased by new discoveries, until tlie Ih'ld ;ip2)('iirs 
almost boundless. 

Alchemy. -Ome ol the first and cm' of the* most ])OAV('r- 
ful incentives to experinu'nt upon chemical su})stances 
Avas tlu^ desire to transform ordinai’y metals like* l('ael 
into gold. As Avill be* se*(*ji fartli(*r on, tlu're was no good 
reason to sup[)ose that transformations of this kind could 
not be etfected, ind(*(*d th(*r(^ Avere good reasons for su])- 
])osing them possible. \u>v many Imndiyd years m(*n 
Avork('d Avith this object in vi(*Av, and, though they did 
not succ(*(*d in accomplishing thatAvhich th(*y urnh'i took, 
th(*y did add gre'atly to our knowh'dge* of tin* action of 
(‘hemic'al substanea's upon one anotlu*!', and tlu*y laid tlu* 
foundation of what has sima* lx*, come the* gr(*at scitnua* of 
clu'mistry. dlu* work done by tlu* alclu'inists Avas ne(a*s- 
sarv to prove that tlu* transformations of math*)- Avhich 
tlu*y tiied to elh*ct cannot be e*tl(*ct('d. The ])roblem 
Avhich tlu'y tried to soKa* Avas strictly a. chemical ])rol)- 
lem, and the Avork tluay did was chendcal Avork. 

Chemistry as a Science.-^W'hile the alclu'inists accumu- 
lat(*d a vast amount of knoAvl(*dge of chemical facts, tlugy 
did not, strictly speaking, build u[> the sci(*n(a', ofndu*m- 
istry. It Avas only Avhen chemists came to study the facts 
in their ladations to one anotlu’ir, and Avhen they w'eri' en- 
abled to trace coniu'ctions lietwu'en them ; Avlu'ii they suc- 
c(!(*ded in discovering that certain general truths hold 
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for all cases of cliciiiical action ; when, in short, 
the fiuulaniental laws of chemical action were discovcn ed 
— it was then that knowledge became science. It is 
impossible to say definitely when chemistry became, a 
science. From the unorganized state to the organized 
there was a gradual transition. But it is certain that the 
hiboi’s of the French chemist Lavoisier contributed 
larg('ly to making chemistry what it is to-day, and it 
is common to lad'er to his work as the beginning of the 
science. 

Lavoisier’s Work.- AVliat distinguished Lavoisier’s 
Avoi’k most nmrk('dly from that of his predecessors was 
the way ill which lui used the ba.la,nce for the purpose of 
studying clnmiical changers. Tlu^ balance had been used 
to a consideral)le exbmt by (airlicu* workers and results 
jf valu(‘ had Ixm'U la'aclnal by tlnun, but Lavoisiiu’ suc- 
‘eeded by nn^ans of it in (‘X])laining sonn^ important 
•In'iiiical [)li(Uioni(Mia whic'h had long Ixaui (he subj('ct of 
^tudy. llis first, inv(‘sl igation, tlu^ r(‘sults of which w(U‘(' 
■[niblish(‘d iji 1770, was «)n tlu' transfoi-mation of watei* into 
earth. It was g(ui(‘ra,lly b<‘li(‘V(Ml that watei' is trans- 
foniKMl into earth l)y boiling, Ixa/ause it w'as a, mattei' of 
c'ojnmon obsei'ya,tiou that, wluuKoa'r wabn* is boihnl for 
a time in a glass vesscO, a (h‘])osit of ('arthy matter is 
formed. In order to decide whether such transformation 
takes pla(‘e or not, Favoisi^'r boihal sona* wat('r in a 
clos(al vessnl w hich !i(‘ w(‘igh(Ml b('for(‘ and afti'r the boil- 
ing ; and he found that the vessid -dcci'e.asf'd in wadghtby 
a c(M'tain ainonnt. lie also (hdi'rmimal the wa'iglit of the 
deposit foi'ined in the vessel and found that this Avas 
exactly ecpial to the loss in weight of the vc'sscd. He 
also showed that tluMe Avas just as much water af t(‘r tlie 
ex[)(n iment as befoine He tlnu’cOOn' (*oncluded that Avhat 
his ])redecess()rs had held to be a, tra,nsfonnation of^Avati'r 
iiito earth was nothing but a ])artial disint(\gration of tln^ 
glass A'essel causiul by the action of the boiling Avater. 
AVhat had a])])eared mysterious became chear and sim- 
ple. Having succcxMhal so Avell in this ex])eriment, La- 
yoisier proceeded to study other chemical changes in the 
same Avay, and soon ho Avas able to giAm a perfectly satis- 
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factorv explanation of (lie ])n)f«‘ss of (•()in])iisti()ii wliiri 
fora loii^^ tini(‘ Iiad Ixhmi a .siil)j('(‘t ot study, d’lai,., 
j)hi}}:itjoii Aiiil lh(' r\prn!iuAits wliicJi led to it will )», 
t'ljii'U up Siillicf' it to s:iy luuv tliiit tln^ essentim 

of (he woi’h eonsist<ul iii the Inet Hint the siih. 

stniK'o^ \\ liitUi (‘Iit(-n‘d iutif uefion ;ind tliosi* lornKwl 
</nrj/JL^- :n‘tii)n were nil enin^fullv wiO^Juul, niiil it llVis’ 
found, in exerv ease, that the. wei^dit of the snhstniices 
formed was exacdly e(|ual to the \v(d<^]it of the siihstnnees 
which acted u])()ii oiu^ anotluu’. 

Law of tho Indestructibility of Matter.— Wliile, as ]ias 
l)e(Ui stated, elieinists lad’orc^ Tjavoisier Jiad used tlie 
l)alanee, tln^y do not aj)j)(air to have Ixuui verv stroii^Iv 
impressed hy tlie importaiico of the wei<,dit of sul)- 
staiK*(‘S. Ihey seem tacitly to liav(‘ liehl that matter 
can })(', (lesti'oyed. La voisitu’s work, lio weaver, showed 
that wlienev(‘r matter appanuitly disappears, it coiilijiiK's 
to <'xist in some other form. J f it w(U‘e ])ossil)le to an- 
nihilate iiiath‘r or to call it into Ix'iiio;, it would Ix^ of 
little or no value to wru^li things. InnunKU'ahle (e\]M'ia- 
nients wldeli have Ihmui ])erformed sima' J^avoisier’s tinu' 
have coiitirmed the vi(‘w that mattc'r is ijidestruetihha 
Ihe first fundanu'utal law iHuiriiig n])on thi' (diaiiges in 
composition which tin' ditlercmt forms of niathu- umhugo 
is the hiir of the imUM nictihUify of inettcr, While, if w(^ 
tliiidv of it, w(' can scanady (annauve that this .giaad la w 
should not 1)(‘ true, we must not foignd that tin' ojdv 
way in which its truth (a)uhl Ix^ established was by ('x- 
pf'riiniMit. d.he law ma\' Ix' staff'd thus: 

If henerer a eheiiye ni the com posit ion of siihsfanrrs i<iLrs 
ptorr the (tmoitrd of mottcr offer the chomje is the same os 
before the chonefe. 

Afaaarding to this, and assuming that the law has al- 
ways Indd go(xl, it follows that tln^ amount of matter in 
the iiniversf' is the same to-da,y as it has bef'ii from the 
Ixygiiining. Lranstormations are constantlv taking jilace, 
but these involve no ijicrease nor decnaisf^ in the total 
amount of mattei'. 

Conservation of Energy. — J ust as matter is neither cre- 
ait'(l n()r d(3stroy<‘(l, so it h.as been made prol)abhi that 
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tlio tot.-il amount of (uior^y is uncliaij^eal)le. One of tli(> 
greatest discoveries in scieuco v as tiie rt'cegnitiou of the 
fact tliat one form of energy can Ix' transformed into 
others, and that in these transformations notliing is lost. 
We now know that for a c(M'tain amount of Innat w e can get 
a eei tain amount of motion, and that for a (*(u tain amount 
of motion uo cmi i^vt :i (•('rtnin nniount of lunit. Hr* know 
that :i sniiilnr definiio rcLition exists hctAvniOi Jnn-it nnd 
oloctriciil cnei’oy, and between these and chemical energy, 

W e know^, for example, that a delinite amouiit of Jieat 
can 1)0 ol)tain(‘d ])V Inirning a delinite amount of a given 
suhstaneiy, and we know also that with a d(dinite amount 
of lu'at we can produce a dc^liiiihi amount of clumiiiad 
chang(‘. Modern inv(‘stigation ha,s shown that all the 
difter^mt forms of ('iiergy ar(‘ con V(‘rtil)le one into tlie 
oHk'I’ without loss. This gi’eat fact is gemu’ally spoken 
of a,s tln^ /(ffr nf {]u‘ rnif.st’rnnfinii of vranxjif. ’^^rraiis- 
toi'inatioiis of (Uiergy ai’o ta,l\iug pla(‘(‘ constantly, as 
transformations of matt(‘r ar(‘, hut the total amount in 
»‘acli ease r('niains the saimn 

Early Views regarding- the Composition of Matter.— 
'riie tact that first impi-('sses one in studying the various 
forms of mattm; found in tin' eai-tli is tlnui- great vaihdv. 

find an idmost inlinite nuinlM r of kinds of matter, 
and th(‘ (pu'stion at once suggi'sts its(df, of wliat are 
tii('S(> tilings (‘oiiipitsed^ lids (pu'stion lias long hmui 
ask(‘d, and it will Ix' long heloic* an (uitirtdN satisfactory 
answiu’ is r('a(*hed. Still, nnu'li nioi'i' is now known in 
regard to tlu' suhjm-t than was known in past ages, and 
solium jU’ogn'ss IS (‘onstant ly hmiig ma<h‘ towards a solu- 
tion of the. prohhmi. At first, nn n attcunpted to answer 
the (jiu'stion, as tlnw attem pted to answau- all important 
([uestions, hy wdiat is known as the spixuilative method; 
that is to Siiy, they took the tacts, ns far ns they knew 
them, into cousidcu’ation, and they eiuhn-ivored liy purely 
nnmtnl piajcnsse's to turnish an (’(xplnnntion. They were 
on the Avholo much holder iji tlie use of the imagination 
than the S(*ientific men of the pi'esent are, or rather they 
do not appear to have had a,s great respect for facts as 
men now have, and, as a consequence, we find that some 
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extremely curious sj^eculutions were indulged in. One 
of the most prominent views in regurd to tlie composi- 
tion of matter was tliat ])ut forward by Aristotle, A(;- 
cording to this view, ad forms of matter are made u]) of 
four elenumts, eartli, air, lire, and water; and the vari- 
ous ftirms dilfer from om3 anotlier in the proportions of 
these ('leiiuuits contained in them. Aristotle (;vid(uitly 
liad in mind the fiindannmtal pro[)(‘rti(\s of tlie four ele- 
mmits, ratlier than the (‘hmieiits themselvcis, and his iil(\-i 
\\;is that tliese fundaimnital properties are found in dif- 
f('i'(‘nt ])ro])orti()ns. Instead of mea-ning that water as 
such was contained in substnncc^s, lu' meant that the 
pro[)ei ties of cold and nioistu!'(^ wer(‘- met with in snb- 
stanc('s, and so on for the otlu'r ehnneiits ; re|)i’('- 

sinting heat and dryness ; eai’th, cold aiul dryness; aiid 
air, h('at and moistun*. Aft(.‘r\vards it was [)oint(Ml on! 
that lu'siih's tln^ four fundaimmtal jirojxn’ties ri'picsejitiM ' 
bv the four I'lements, each subst;;n<*t‘ h:is a s])('c'ial ])ro|i- 
<'rty of its own which distinguislu'S it from ;dl otheis. 
This was calhal the quDda cssciiIki, or lifth ('ss(‘]ice, fi'oiii 
which our modei’ji word (piint(‘ssenc(' is dcri'cal. ddic 
hull’ or iiv(‘ ('hmients of tln^ ohh'r ])hilosoph('rs were, as 
w ill 1)(' seen, imagin.arv things. They r('j)iesejit(Ml iih'ss 
rather than tangihle substa)jc(‘s. 

Elements. — As (*\ janbrnMiting upon cliemical substanct's 
a(lv;inc(Ml furtluu* and furthei', the fact ini])i'('ssed its('lf 
Jiiorc' and more strongly u])on investigators, that, of tin' 
larg(‘ iinmlxu’ of snbstan('(‘s known, some can la^ coii- 
;('rted info simpler ones by clnnnical action and some 
caiinot. In other Avoi’ds, some sulistances lik(‘ water 
can !)(' bi-ok<m down by various imdhods into two or 
moi(' others of dilhu'ent jii-opmlii's, and tlu'sc^ wlnm 
brought tog<‘th(‘r again under ])ro])(‘r conditions foiun 
the original substaiuaa In tln‘. ciis(‘ of water, the action 
of an* electric current bieaks it down or d(‘compos“S it, 
and two gases, hydrogeti a, ml oxygen, are foiantul tVom it. 
Fdaborate exjHubmmts iiave shown that the wanght of 
wat('r decomposed is (‘xactly (‘(jmil to the W(‘ight of the 
hydi’ogmi ])liis that of the oxygen obtained, and that 
wlnm the hydrogen and oxygen are brought together 
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again under proper conditions exactly as much water is 
formed as was oi’iginally decomposed. It a])pears, tliere- 
fore, tliat water consists of at least two simpler sul)- 
stances. ’ A similar concliisioji is reached by a study of 
by far tlie largest Jiiimlxu' of the substances with whicli 
we liaY(^ to (had. On the other hand, no tiaadinent to 
which hydrogen and oxygen have been subjected has, as 
yet, ('llectcMl their decojnposition. Tluyy can be made to 
combiiK^ witli other substanc(‘s, as, for (example, witli each 
other, and thus form more com])lex substanci's, hi t noth- 
ing sim|)hu- than hydrogam has ever Ihhui obtained from 
liydrogim, and iiotliiiig simjiler than oxygim has cnau' lasui 
olilaiiicd from oxygen. Wlndlnu- tln^ (huMinpiosition of 
tli('S(‘ substances will even* be elh‘ct(n] is a ([invstion wliich 
cannot Ix' answeivd. All that we know is that at present 
tiny cannot (h'composed. W'e tliend'ore spmdv of 
tlu'in as (‘ImiK'nts, imaining by tin* (('rm, (hat, with tin' 
nn'ans now at tln^ dis[)osai of clnuiiists, it is inipossilih^ to 
get simphu’ substances from tluun. Tlnun iwv at jiivsmit 
about seventy' substance's known wliich ao' calhal ('h - 
UK'nts for the sanu' ri'asons that li\(]rog('n and oxvuen 
ar(’! callc'd ('h'lm'uts. Tt is (piit(_‘ possible that tlu' nnin- 
ber may lie increase'd in tin' futui-(‘, and it is also (piili' 
p<^ssibl(^ that the nundn'r may Ix' deco'asi'd. Arw c-h-- 
nu'nts will in all jirobability Ix', discoyi'ic'd, and jnx.h- 
aJ)ly some of the substance's now inclmh'd in tin' list cf 
eli'nu'nts may eyentually bo shown to Ix^ caj^abh' of 
(h'C( tin position. 

The yi('w at ])r('S('nt ludd in rt'gard to tlie fttrnis of 
matter which go to make up that jiait of tlu' univeise 
which comes uinh'r our obsi'rvation is that tln'v are' all 
composed ot tln^ S(‘y('nty eh'un'iitarv substance's. Many 
of tln'in, like' water, are conpiose'd of only two e'lenu'iits ; 
otlu'rs of thr('('; and still' others of four, five', six, and 
more' ; but most of tln'in are com])arativ('ly sini]Me, and 
rare'ly (hies any one', contain more tlian four or live' eh'- 
meiits. Of the se'ye'nty eleimmts known, only about 
^welve enter into the comjiositiou of most things with 
which we commonly have' to deal. The others occur in 
-eiatively small epmiitity. 
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Chemical Action.— In the last parn^rapli it was stated 
that most siihstaiiees can be decomposed, and that nndei' 
pioptn* conditions tlie (>lements combine. We must now 
impure more carel'uliy into tlie nieanin;^ of tliese (expres- 
sions. Amoji^^ the (dements are tin' \V(dl-known sub- 
sta-ma's It'ad, iron, and suJphnr. If some tinelv divided 
in . 11 is brono-ht in contact with sul[)liur, apparently la. 
action takes 2)lac(e. If the two are put in a mortar and 
mixed no matter how tliorouglily, tlnnc is 710 evidcuiee 
of action, d'he mixture lias, to be suie, a dilferent ap- 
]iearane(‘ Irom that of (‘itlu'r constitucMit, but still both 
substaiici's ar(' ])r('S(Uit, and (xin be rc'eo^nizt'd by \'arious 
nnlliods. It, for examj.le, a litthe of tin* mixture^ is ex- 
amiiual witli tin* aid ol tin* mierosco])(‘, parliidi's of ii’on 
and of sulpliur will lie Jvcoo-riiz(*d lyint;- sidi' b\’ shhe If, 
fiuthtu, the mixturi' is (r(*at('d with the litpiid, carbon 
disu 1 phide, w hi(di Ims tlu^ powau’ to dissolve tli(‘ sulphur 
but not tin* iron, tine sulphur will b(e dissolvial while tine 
iion will 1 k‘ hit unchan^xed. huiall\’, it a^ dr^’ nia^n(‘t is 
introduced into th(‘ mixtuic, tlu' iron will adhene to it, 
and by carelul manipulation the two cojistitmmts can Ixe 
S('])arated. I h<‘S(‘ tacts furnish evidence that both iron 
and sul{)hur ar(‘ pi'i‘sent in tlu' mixtni'e iji unchan^ual 
condition, just as su^-ar and sand ari' ])7’i'S(mt in a mixture 
of tlu'se two sul)stanc(‘s. If now tln^ niixtuic of siil]»hur 
and iron is lieated in a dry b'st-tulx^, marked (dian^uvs 
will take [dac(‘, and tlu're will be foiaiUMl a bla(dv sub- 
staiKi* ('ntii(*l\ dillei'eiit fi'oju (uth('i‘ ot the (demmits ('in- 
j.lov'd in th(‘ (‘xjierinumt. (/arbon disulphidi' can no 
lonj^-m- extract sulphur from it. The may^iiet can no 
loiryei pu'k out tla^ iron, and undei’ tlu' microscopii one 
liomoi^uuKauis substama^ is seen instead of the two (de- 
numtary substances. If the (‘xjK'iiment is performed 
with jiroper piecautions, tln^ amount of mattcu' after tlie 
• K tion will b(; found to lav (‘xactly the same as bdoro tlu'. 
action. A sei'ions clian^m lias taken place, but no change 
ill the amount of matter. Tlie act is one of chemical cone 
biiiation, and tlie substance formed is called a chemicid 
cnmpoinid. A few otlu'r (examples will aid in making the 
conception of chemical combination clear. When a bit 
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of pliospliorus is l)rou^lit in cf>nta,c*t witli <‘i littio iodino 
ti(*ti()U talv^s pljico Jit onct* \ tlio t^vo donioiits 
losiii^^ their own clninieteristic pro[)orties and forming a 
(•oinpouJid with propcndh's (piite dilleiinit from tln)se of 
the (!oiistitiients. Wlnm the ‘jjasos liydrogtm and oxygen 
hronght together and a st)ark is t)assed through th (3 
mixture an ex])h)sion oeeiirs, and, in place of the gas(‘s, the 
li(piid, water, is formed. Wlnm snlpJuir ])iirns in tlie air 
tlie product foi-med is ;i pungent gas. It has Ixmui sliown 
that tlie act consists in the comhination of tln^ sulphur 
with the gas, oxygen, Avhich is contained in tln'i air. All 
these ('as(‘S are exanijiles of chemical comhination. Hut 
chmnical action may Ix' of the o[)t)osite kind, that is to 
say, inst(‘ad of Ixung (vuihinafiim^ it may he ihromposfiinn. 
Thus, water which is formed hy lh(‘ (‘Inmiical comhina- 
tjoii of hydrogem and oxyg<‘n may, hy t>roj)('r nnhliods, 
he decom])osed into the same (‘Immmts. We may con- 
veniently think of that which ca,us(‘s elennuits to comhino 
as 5111 attractive forci^ exeided UAwaam the elenumts. 
iVow, when some powan* w^hicdi can ovi'rconn^ this attrac- 
tion is lirought to hear u])on a compound, decomjiosition 
takes place, and the elements are, as we say, set fine. 
AMum, for example, an electric curnmt is ])assed through 
water, the powau’ which holds together the hydrogen and 
oxygen is overconu' ajid huhhh'S of tln‘ one gas rise from 
one |)oie of tin' hattei-y and huhhh's of tin' other gas rise 
from the other ])ole. Idiis is a sim])le I'xamph' of cln'iui- 
cal decomposition. Again, when the suhstaiu'e known as 
red oxide of meiciiry or mercuric oxide is heated to a 
sulhciently high t(‘m])erature a colorless gas is given off 
from it, and glolmles of mermiry are formed at the same 
time. The gas, as will lie showm hiter, is oxygen, so tliat 
from the red oxide of mercury, which is a chemical com- 
{lound of mercury and oxygen, we g('t, by heatings the 
twa) eleuK'uts in the free state. In this case, heat over- 
comes the chemical attraction which^iii the compound, 
holds the* elements together. 

Chemical Affinity. — It is evident from what has already 
been said that there is some power wdiich can Jiold sub- 
stances together in a very intimate way, so intimate that 
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wo oaiinot iV(M)i;niz(‘ (horn hy ordinary imsans. 
iiof know wlial t‘aiis(‘s (ho siiJpliiir and iron to comliim. 
hat wo do know dial tln-v ooinhino. Similarly, W(' d,, i,,,!" 
know what oaiisos a stoim tlirown in tho air to fall 
a;^ain, hut \\«‘ know that it talks haok, it is trin? wa 
sav that tin' o;ins«^ of tin' fallin^mif tlu' stoiK' is tin' o///vrr. 
fia// i>f' (frnnfdfiiHi, Init this doos n<it oi\(‘ ns anv real in- 
forjnation, for, if w<' ask wiiat (ho atti’ai'tion of ilajidu 
is, w(' ('an onlv aiiswi'r that it is that whioh oaiiscs ,il| 
])0(hos to attivn't oni' aiiotln'r. M t' may also say, and do 
s:iv, thjit t}i(^ c:inso oi oi;o///nv/] (‘onihiihution /s r/o/z/dv/Z 
alfi)/////. Ihit ill so i/oin-- w(' only jz'ivn a, naim' to sonn'thiny 
\y]ii(‘)i nv know jioikniL: /kn r/Jrr/s it J>r<>~ 

</in‘t's. ^i// tJi(' (ii<'ini(‘/tl w liirli iirn fukin^' 

around us may, then, bo roforn^d to tin' oponiiion ofolioini- 
cal ailinity. if tliis jiowor should of'aso to ojx'i'ato, what 
would !)(' tin' n'sult? Nature' w'oiihl ho intinite'ly loss 
coinph.ix than it now is. All oomplox siilistanoos would 
he resolved into tho ('lonn'iits of whioh tln'v are oom- 
pos«'d, and, as fai’ as W(' know, tlnn'e' would he' only about 
sovonty dilh're'iit kinds of snhstano('s. All ]i^■in^■ things 
would (M'ase to exist, and in tlndr phua* tln'iu would ho 
thn'o invisildo guise's, and sonn*tliin<^- vi'rvniuoh like' char- 
coal. Mountains woulel onimhh* to jeie'ce's, and all wate'r 
woulel disa[)pe'ar ^ivin^ two invisihh' ^asos. idn^ ])ro- 
(.‘osse's of lil(' in its many foians woulel he' iinpeessihh', as, 
liowe'Ve'i' sulith' that which wc call life' max' he', we* cannot 
i'/na.ninc it fee exist without the, ecxiste'iice* of ce'rtain com- 
])le'x forms of matte'r; and, as re'^'arels the' life' jiroce'ss 
of animals and ])lants, most conijile'X chomicai edian^n'S 
ai’O constantly taking- place' within the'in, and tlu'so 
changes are' e'sse'iitial to the* continuance' of life. 

Chemical Compounds and Mechanical Mixtures. — Tlui 
suhsteine'e's teeiincd hy che'inical comliination of the^ ole- 
inojits are' calh'el chomicai compouiiels. Most suhstanc'es 
foiinel in nature are^ maele ii[) of se^vorai others. Wood, 
for examples is very cemiplex, containing a large uiimher 
of distimd chemical conniouiids intimately mixed together. 
Some of these can he isolated, but it is impossible to 
isolate them all with fch(^ means at present at our com- 
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mand. Most of tlie rocks met witli are also quite com- 
plex, and it is diliicult to isolate the constituents. If wo 
look at a piece of (;oarse-g rained graiute, we scu) plaiidy 
enough that it contains dilleient things mixed together, 
and if it be broken up we can pick out jheces ol: ditferent 
substances from the mass. If we now examine a j)iece 
of each of tln^ dillereut substauc(‘s tlius pickaal out of the 
granite, it nppeai’s to be hojnogeneous, iax we cannot 
recognize the presemee of mori" than one kind of tiling in 
any om^ ]dece. If the |)iece is carefully S(d(H*ted it may 
be powdei'ed iinely in an agjibi mortar, and sonu' of the 
powdi'r examined witli a mim-osi'ojx' without i)i()j)r(‘senco 
of mom tlh’ui ono suhst;ui('0 boiiii*- roco^nizod. Ho nro 
&hh to isohito tlnvo snl)st;iiicos from granite by simiAy 
hmikiiiu; it up a /id picking out the jiieces of (liilbrent 
kinds. e might therefore conclude tliat givinite con- 
sists of thi’ee substances. 'Fliis is true, but it is not the 
whole truth. k\)r it is ])ossil)le by j)ro|)er means to get 
simphu' sii !)staii(‘{‘s from each of tin', thi'ia^ alreadv siqi- 
arati'd. ibis is, howmer, a mmdi inori^ dillicult jiroia^ss 
than I lie siqiara tioii tirst accom|)iisli(Ml. To elfect the sep- 
aration of (aich oi tin' tlioa^ (amstituents of gi’aiiite into 
its eleiiKMits r('(piir<‘s more ])ow(vrfnl imaans. Substanci'S 
must 1)0 brought in contact with tlimn Avliich act upon 
tlnun, clianging thdr composition, i.e. act chemically 
iqion them, and high heat must be used to aid the action. 
i»y skillul work it is, howexer, ])ossiblo to sejiaaate the 
tlii(M‘ coiiqtojK'uis of granite into tlndr ehunenis. 

1 1 om the a box it is ex iihuit that sulistances may bo 
iiuitc'd in ditlereut ways. h(*y may be so united that it is 
a simple thing to siqiarate thmn by mechanical processi's. 

Or th(‘y may be so united that it is impossilile to separate 
them by mechanical processes. V>y a mechanical ])ro(*ess 
IS meant any pro(*ess which does not involve the us^e of 
heat, electricity, or chemical (diange. Thus, the mechan- 
ical process made use of in the ca,so ofigranite consisted 
in picking out the pieces. The separation of the parti- 
c es of ditlerent sizes by means of a siexo is a mechanical 
pi oc( ss. The separation of two Ihpiids xvhich do not mix 
with each other is a mechanical process. Complex sub- 
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stances wliicli may l)e se])arato(l into tiu'ir components hy 
piively meclianical proc(‘sses are called nuH'lianical mix- 
tures. Tims u;ranit(' is a meclianical mixture' of three 
cluMiiical ceunpounds. Similarly, most natural substau<;es 
are^ more oi’ h'ss com])le‘x mixtures of clu'uiical com- 
])oumls, or, much more rarely, of ehuiients. Air, for ex- 
aiii})l(', is a iiK'chanical mixture' consisting- mainly (»f the 
two ('Icim'uts nitrogen ami oxyj^'cn. It is not always aii 
easv matter to distinguish lu'tweeu mechanical niixtiin^s 
an<l cliemi(*al compounds, as there art' mixtures which it is 
extrt'mely ditlicult to subdivide into tlit'ir compont'iits, anti 
tliert' art', on the t>tht'r haml, cht'Uiical com[)ountls which 
are extremt'ly unstable, (h'liei’ally, however, the tlilier- 
eiice is rt'ct)gnizt'tl witlniut serious tlillicultv. 

Qualitative and Quantitative Study of Chemical Changes. 
- In gt'ni'ial tlit'ie art' twt> ways in Avhicli clit'inical 
changes may be stiitlit'tl. Substances may be brtmglit 
together untler a varit'ty t)f ctiiiilitioiis and, if action takt^s 
place, the prt)pt'rtit's of the ])rotluctor pjoducts may tluui 
be studit'tl and compart'tl with thost' of flit' substances 
brought togt'tht'r. In the early jit'i’iods of the history of 
chemistry thi' study was almost wholly of this kind. This 
is called qimlitafivv sf ii(hf. ]>ut wt' may go fartht'r tha,u 
this, ami take into cousitlt'ratit)n tin' wt'ights ttj- masst'.s 
of the substauct's wt' art' tlt*aliiig with. AVt' slittuld then 
be stuth'iug tht' changes qnanflhif AVt' lui vt' alrt'ady 
seen that by mt'aiis t)f the tpiantitativt^ mt'tln)tl La.vt)isit^r 
phiced tht' law ttf the imlestructibility of mafttu- U|)t)n a 
firm basis, ami that he also succeetletl by the use of this 
method in tcx]>lainiug a number of im])ortant cht'mit'al 
chaiigt'S, particularly comliustion. ]>y further use of this 
metht)tl other laws of the highest imptn tanct', to the science 
of cln'inistry were soon brouglit to light. 

Law of Dclinite Proportions. — The fact tliat sulphur and 
iron comlune chemically when a mixture of the two is 
heatt'tl has bet'n ifferretl to. The ([uestion whether they 
coml)ine in all proportions is one which can be answered 
only by a quantitative study of the process. If the pro- 
cess were to bo studied for the lirst time the method of 
procedure would be this : AVe should mix the elements 
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ill dilFerent proportions and, after tJie action, we sliould 
<letermino wlietlier any of eitlier of the elements is left in 
the uncoiidnned state ; and, fiirth(?r, by deconi2)osing the 
product, wo should determine wlndher it always contains 
the elements in the same proportions. The ])roblem, in this 
case, is by no means a simple one, but it has been i-ej)eat- 
edly worked ov(U’ with tlui great(.‘st j)ossi]de care, and, as 
the result of the work, the conclusion is justified that the 
product always contains the elements in exactly the same 
pro2)ortions. Similar work has ])een done for most other 
chemical com|)ounds known, and the gemu-al conclusion 
known as the law of dejhiite proportums has been drawn. 
This law may be stated thus ; 

A cfwmicid cotnponwl always contains the same constitu- 
ents in the sanne proportion by weight, 

Tlie truth of this general statement or law has not al- 
ways been acknowledged by (diomists. At the beginning 
of this century a celebrated discussion on the subject took 
])lMce betw(am Pioust and Jhudhollet. The discussion 
led to a great deal of (*a, refill work which tendiMl to con- 
firm tin* law, and since that tiimut has not bemi sei-iously 
iloubti'd. Al)out twenty Yi'ars ago a .Melgian ciiemist, 
Stas, by a long serh's of probably tin' most jiainstaking 
and accmi’aie chenii(*a,l (‘Xp<u'ini(‘nts eN(‘r j)ei’formed, 
showed that in the cmii pounds which lie worked with there 
was no variation in conpiosition that could be detected 
l>y tin* most reliin*d methods of chemistry. In the pres- 
ent^ stati' of our knowh'dgn it appears that the hnv of 
deiinile proportions is a law in tin' strh'h'st smise. 

Law of Miiltiplo Proportions, — It doi's not ivcpiiri' a vi'ry 
exteinh'd study of cln'inical ])henonn‘na to show that from 
tin' saiiK' eh'nients it is jiossibh' in many casi's to gi't 
mole thaii one ])roduct. ^Ihus iron and sulphur form 
thi-iM' distinct componmls with each other. Tin combines 
witli ox\gt'n in tAvo projiortions. din* ('hnnents ])otassium, 
chloniK', .'ind oxygen coinliiin' in four djtiV'rent ways, form- 
iMK lour distinct products. Aitrogi'ii and oxvgmi form 
hve products. In the early part of this ci'iiturV the Eng- 
lish chemist Dalton by a study of cases like those meii- 
tioned was led to the discovery of another great law of 
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(‘luMiiistry Iviiowii ns tlio law of 'wulfiple proportions^ 
Many siibstniu'os liad In'iMi ;malyz(Ml liis tiiiio, ami 

tho [)or(*(‘iita|;(‘S of tlio coiistituouts dctonniiied Avitli a fair 
d<‘< 4 r(M^ of ai'ciuacy. lie ('xaniiiK'd, lust, two ^asos, l)otIi 
of wldcli consist of carlxni and liydro^cvn. ll(‘ d(d('riiiiiie(l 
tlic |)(Mi*(Mdai;('S of tlic constituents, and found tlioin to 
])(' as follcuvs : 

OKOiant ^as, So.T ])ci- cent. cail)oii and I I. d })er cent. 
liydfo^(ni. 

Marsh gas. To. Open' cent, caihon and '25.0 2 )er cf'nt. liy- 
drogen. 

On corn|)aring these jininlxu’s, InO’oniid that tlu' ratio of 
carbon to liydrogtni in oletiant gas is as h to 1; wlnu’eas' 
in inarsli gas it is as o to 1 or (> to 2. Tlie mass of liy- 
(\rogen, combined with a givc'U mass of carl)on, is exactly 
twic(^ as great in tlu^ (Hi(‘ ('ase as in tin' otlu'i’. 

Tliei-e are, fnrtlier, two coinponnds of carbon and oxy- 
gen, and in analyzing tlu'se the followiiig lignres Avere 
obtaini'd : 

Carbon monoxide, 12. (SO [)er ceid. carbon and 57.1 1 p(n’ 
cent, oxygi'ii. 

Caibon dioxide, 27.27 p(‘r c('nt. carbon and 72. 7d })er 
('('lit. oxygmi. 

ibit 42.«S0 : 57.14 :: 0 : S and 27.27 : 72.7d :: 0 : 10. 

The mass of oxyg('n combiin'd with a given mass of 
car1)on in (‘arbon dioxid(' is ('xaclU' twici* as gieat as tln^. 
mass of oxygen coml)ined with the same', mass of carbon in 
carbon monoxide. Tln'sc'. liuds and other simila r one's h'd 
to the' discoven-y (tf the' law of multiple ])ropoi lions, which 
may be' stateul thus: 

Jj f(n> rirnauts A <iihI ll form smuo'oJ com poiimls iriflt 
each other, amt wc cimsnlcr am/ /i.n^<t mass of ./, then the 
(1 1 If c rent masses <f II irhich comfmie irith the frml mass of 
A tmao' a simple, ratio to one another. 

r>y way ol fnrtln'r illustration we^ may take' tlie^ three 
cetinpoiiiiels whie*h ireni forms with snl})hnj‘. In e)ne e)f 
tlie'se, a|)j)roxijnate'ly 7 |)a.i’ts e)f iron are' in e*e)mbinatie)n 
with 4 parts of sulphur ; in a, se'conel, 7 yearts eef ireen aie in 
cond)ination with 0 parts e)f snl])hnr ; anel in the third, 7 
e)f ireni are* in e'emibinatiem with 8 of sulphur. The ligures 
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4, 6, and 8 l)oar a simple ratio to one anotln'r wliicli is 
2:3: 4. 3die five compounds of Fiitroj^rm and oxvgen 
contain 7 ])M-rts of nitrogen comhined witli 8, 1(1, 21, 32, 
and 40 parts of oxyi^en r^'spea-ti V(4y. Tlu? fi^iii’cs rt^])re- 
sentini;- llio pnrts hy \v(‘i^lit of oxyj^-en coml)iji(‘d willi 7 
])ai'is ])y Aveij^lit of nitrogen ari' in the ratio 1:2: M : 4 : o. 
In the compounds fornu'd hy the elenunits chlorine, 
potassium, and oxy^am the proportions by weight are 
represented in the following talde : 


liu'iue. 

I’otassiiim. 

OxyK<-n. 

a. 18 

138. S‘3 

15.88 

a. IS 

88 S3 

81.70 

a. IS 

;)8.S3 

47.04 

a. IS 

88. S3 

08.53 


It will !)(' ol)served that the I'atio Ixdween the chlorine 
and pota,ssium remains consta.id, but that the mass of 
varies ri'gularly from To. 88 to 03.02 j the raass(\s 
Ix^arijig to one anotlnu* the sim))l(i ratio 1:2:3: 4. 

ldi(^ laov of niuUipb^ propM)rtions like the law of (h^ti- 
nite ])roportions is simply a stateimmt in accordamu) 
Avitli what has been found tru(‘ by (experiment. Although 
discoveiX'd by Dalton at th(‘ Ix^ginning of this century 
and put forward u])on what a[)peai-s now to b(‘ only a 
slight basis of facts, all xvork sinc(‘ that time has con- 
firmed it, and it forms to-day om^ of Ihe (*ormu*-st()iF(\s of 
th(‘ sci('nc(‘ of ('In'mistry. 

Combining Weights of tho Elements.- A careful study 
of the ligui-('s r('j)r(‘senting t InM'omposition of clnunica,! 
compounds rioeals a i-(‘markable fart r(‘ga]-diiig tlu' lada,- 
ti\(‘ <piaii(iti('s of one and tin* same ehuinuit w hich enter 
into c'ombinaiion with dirrer<>nt ehmimits. propor- 

tions by W('ight in which some of tlu' (denuuits {‘oinbin(‘ 
clKuidcallv with one aimtlnu- aiv stat('d in the followbn^ 
tabh- 

1 ]'!irt II\ (Iroi^cii combines with Jtri.is purls ('iilorino. 

^ '* “ “ “ i5*.o4 “ hrDmiiu;. 

^ “ “ 1>?’).S9 ** Todiiie. 

:ia. IS pails Clilorim- combine “ :{S.8‘3 “ rolassium. 

71). 81 “ liroinine “ “ 8S.8‘J “ “ 

18a. 80 “ Iodine “ “ dS.S)^ “ “ 
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15.88 parts Oxygen combine with 64.91 parts Zinc. 


15.88 ‘ 


“ 24.10 ' 

Miigncsium. 

15.88 ' 

41 <4 

“ :9.76 ‘ 

(■alcium. 

1.5.88 ■ 

• < <4 

“ 186.89 ‘ 

rjuiiiim. 

64.91 ‘ 

Zinc “ 

“ 81.88 ‘ 

Sulphur. 

24.10 ‘ 

Magnesium " 

“ 8188 ‘ 


:{9.76 ' 

C.alciiini “ 

“ 81.88 ‘ 

“ 

18(5.89 ‘ 

Jbiriiim “ 

“ 81.88 ‘ 

“ 


It, will ])(‘ set'll tlijit th(' ti^iires wliieli ('X]iress tlie rela- 
tive (j(iantiti('s ot (‘lilorim', bromine, and iodine that 
combine with 1 part of hydrogen also ex|)r(iss the rela- 
tive <|na.ntities of lht;se ehnneids that combine with 
J8.S2 ])arts of potassium. So also tlie figures which ex- 
]uess the rcdative (juantities of zinc, magnesium, calcium, 
and barium that combim; with lo.SS parts of oxygen 
also exjiress the relative (juantitic'S of th(‘S(^ elennmts 
that combiiK' with dl.tSd pai'ts of sulphur. Now, an 
examination of all compounds known has shown that* 
hydrogen enters into combination with the other elements 
in the smalh'st jiroportions ; it is ih('r(‘fore talom as unity 
in stating the relative (piaiitilies of the other ehmients 
w'Jiich ejd,er into (‘omliination. 'J1ie weight of another 
el('nnmt tlm.t combines with I jiart by weight of hvdro- 
geii may Ixi calhal its t'onihitii/Hj jreujhl , dims, aiu'ording 
to the' jibovi', the coml)ining wdghls of cliloiim., bromine, 
and iodim; ai“e it'spectivi'ly .‘la. IS, 7d..‘>4, and libl.St). 
Siiiiilaily .1S.S2 is the combining widglit of judassium, 
as it exjiresses tlu'. wdght of potassium that combines 
Avith the above (jiiantities o| chlorima lu'omine, and 
iodine. dims tor <‘V(‘iy' I'hum'nt a number can b(' se- 
lected, such that tin* ]>ro[»oitions bv Avdght in which the 
(dement (uitj'rs into comliinaticm with otlau-s can b(‘ con- 
\(‘ni(uitl \ ('\ j )i’ess(*d b\' tin' numb(*r or Iia' a simple nmlti|d(; 
of it. I li('S(' numbeis aria tlu' combining weights. 

It ks not ly any iinains an (uisy matter to d(‘t(‘rmine 
which numlaus ari' most convenient for all ciiamnistances ; 
and if the seh'ctioii is to be determim'd solelv by con- 
veni('nc(‘, theie may lx; ditterema's of ojiinion as to what 
is most convenieid. dVe sindl see a little later that, 
while the nnnjlx‘j‘s primarily express the combining 
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weights ;iiul nothing else, and are based solely upon a 
study of tile (•omposition of chemical compounds, they 
have come to liave a deeper significance whicli will be 
explained in due time. They are now calhul atomic 
weiifhts because for strong reasons they are believed to 
express the relative weights or masses of the minute in- 
divisible particles or atoms of which the various kinds of 
matter are assunnal to l)e made u]). The atomic theory^ 
as it is (*alled, will be treated of farther on, and the re- 
lation which exists between the theory and the figures 
called the atomic Aveights will be discussed at sotug 
hnigth. For the pr(‘S(uit it will be best to use the tigures 
as ex])ressing the combining weights, and as being en- 
tirely inde])en(hnit of any spc'culations regarding the con- 
stitution of mathn* and tln^ existmicc' of atoms. 

The Elements, their Symbols and Atomic Weights.- It 
has already becni stated that tlnu’t^ are alxmt seventy 
ehnmnitaiy substama^s known, but that of tln'se ojdv a 
small number enter into the composition of common 
things to any givat extent. It has laam calculated that 
the solid crust of tlui eai th is made up at)proximatel v as 
r('j)resent(Ml in the subjoined table: 


< IWLTIl 



Silicon 



Aliiniiniuni 



Iron 

l.'Il/ l*<)las.siimi 

While oxy^gen 

torms a huge [iroportion of the 

solid 


crust ol the ('arth, it iorms a still larger propoi'tioii o'ight- 
ninths) ot water, ami about on<'-lifth (»f tln^ air. Carbon 
is th(' piincijail ('humnit which entcu’s into tlu' sli uctuia^ 
of living things, Avhih‘ hydrogen, oxygen, and nitrogmi 
also arc* (‘ssmitial constitmmts of animals and jilants. 
^sbtrognn forms about four-fifths of th(‘ air. 

1 n i(‘j)i('seutiiig the ri'sults ot chemical action, it is con- 
venient to use abbinviations for tln^ naim-s of tlu^ (dmmuits 
and compounds, l^hus, instead of oxygmi w(' mav write 
simply () ; fov hydrogen, H ; for nilrogmi, X ; (dc. Tln^se 
symbols an) used in (exjiressing what takes place when sub- 
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stances act U2)()n oiu; anotlier. Very fr('(|nentlv tlie lirst 
letter of tlie nani(‘. is used as tlie s\ nilx)!. if tlie naines 
of two or more (elements be^dn witli tlie sanu' letter, 
tins It'tter is iistsl, and some otlun’ letter of tlie name is 
add(‘(L ^J'luis, ]> is the symbol of l)oi’on, Jla of liariiim, 
Bi of l)ismiith ; C is the symbol of t'arbon, (^’i of calcium, 
Cd of cadmium, ('(‘ of cm’ium, Cl of chlorine, Cr of 
chromium, ( -s of ciesium, (hi of cop^xu*. In some' cases 
the symbol is derivcxl fiom tlu' iiatin name of the ele- 
ment. dhius, the syrnlx)! of iron is Fe, from tlu' Latin 
ferrton : for coj^per Cu, from cupriDu; for nu'rcury Hg, 
from h(f(lrur[jif riDii : eti*. 

Tli(‘ naiiK's th(mis(hv(‘s are formed in a variety of ways. 
(Jldorine is derivixl from the (Treek which means 

yellowish-greim, as this is the color of chlorimu Bro- 
mine com<‘s from ;l stench, a ju’omimmt charac- 

teristic of bromine bein;^ its bad (xlor. Ifvdrooen comes 
from w'ater, and p/eeir, to |>rodnce, si^nifyin^^ that 

it is a, constitiK'ut of water. Similarly uiti'o^mi comes 
from I'h/joi', niter, and y^i'en% to produce, niti'o^'en be- 
in^^ on(‘ of the constituents of nitm’. Ihitassium is an 
element found in potash, and sodium is found iu soda. 
Sonu‘ ehuneiits hav(‘ Ixxni named aftm’ the country in 
whi(di tiny were first discov('red. d'hns wi' havi' pallium, 
discovered in J^’rance ; scandium, discoverml in Sweden; 
pei'inanium, disi'oviuixl in (hnanam'. d\antaluin was so 
calhxl on account of tin' lonp-continued difhcidfii's ex- 
jX'iieiK'ed ill isolatinp it when it was discovei’ed. Colum- 
biuni received its nanu' from the fact that it occurs in 
th(' mineral ('olnmbit(', and this owc'S its name to the fact 
that it was lirst fnuml in tlu' I'nib'd State's of Anu'i’ica. 

Below is pive'ii a tabh' coidaininp tin' nanu'S of all 
till' ('h'lneiitaiy sulistances now known, tope'.tln'r with 
their, sy ml )ols and atomic we'iphts. ddn^ naiiK's of those 
whiedi ai’c most wieh'ly distributed, aaid foini l)v far the 
larp(‘st ]tart of tlni eaith, ar<‘ jirinted in SMAJ.I. r \mTAi,s. 
The names of those which are rare are |)rinted in italics, 
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KlfllKMlt. 

Aluminium 


Syiiibol. 

.... Al 

Aiititnoiiy Sb 

.Irj/o/i 

Arsoiiic 


(Ul.ClUM 


(Ei'iitni. . . . 
tlHUOKlN’K. 


I' lU'ifllU'. . . 

(rddnliiiiiiiit . 
(I'dili )t III . , . . 


liMlirir 

J l iili mil 

Ikon 

Ijiiiilhiuiiiiii . , 

Load. 

Jdt In II III 

iVl \oM;sru?ir. 
MmmMnrsr.. 
.Moiviirv, . . . 


Alotniir ] 
Wei^dii. I 


KlonuMit. Sytnhnl. 

Molybiloiinni AIu 

Sroilijniiiiin N(1 


AtoTiiio 

W.-i-im 

ii.kln; 
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71.11 

Nil KOCKN 

.. N 

i;}.o:5 




( Is 

iso 00 

. ni 

20<i..71 

OXYCIA . 

( I 

1 0 SH 

. n 

lO.Hli 

I'allatiiiiiii.. . 

... IM 

100.00 

. J’.r 

71).:M 

LIi'>s|p|i(,rus 

... 1’ 

;io.7o 

. (A 

LI 1.10 

I’lal iiiuiii 

... I’t 

10 : 5. 11 

. (’s 

lai.HO 

LdlASSIl AI 

. . . K 

;}.s.h2 

. 0;i 

;r.).7(; 

/‘rii.'n iiili/iiiiiini. . . 

. IT 

1 42 . .01 1 

. (J 

11.02 


Lli 

102 2:1 

. (A 

100. 10 

In' uhl <1 i II III . 

Kb 

s | 7s 

. Cl 

:\d. 1 M 

iiiilliriiiii III 

. . . IIii 

100.01 

. Cr 

.01.74 




. (A 

.OH. 10 

.'<i-niidiuiii 

. . . Sc 

4;L7H 

Cb 

o;{.o 2 

SfU’ui u m 

. . . Sc 

78.12 

. ('u 

(i.H.I'J 

Silicon 

... Si 

28 18 

!■: 

i(;.o.o(; 

Si Ivor 

. , . .\c 

107.11 

. 1' 

1H.!»1 

SoUlUM 

... .\a 

22.88 

. (ill 

150.07 i 

Si roll! iuiii 

... Sr 

80.00 

. Oh 

OO.OH I 

Sulphur 

. . . S 

;U.8;} 

. (do 

7L0;{ 

I'll II 1 It 1 II III . . 

. . . 'I’.a, 

181,10 

, (il 

0.01. 1 

'J'flJiiriiiiii 

. . . '10' 

120.02 

. All 

100.71 ; 

'/'rrliiiliii 

. . . 'I'r 

108,80 

. llo 

(• ' 

'I'liiilliiii,i. 

... T1 

202.01 

. II 

1.00 

I'/iiiri n III 

... Lb 

2:50.87 

. In 

1 12.00 

r/i III III III 

. . . 'Pill 

100.1(1 

1 

120.S!> 

'I'iii 

. . . Sii 

118.10 

. Ir 

Joi.o; 

'rilaiiimii 

. 'I'i 

17.70 

, I'o 

00. oa 

'I’ll ny.'drii 

. . W 

18:5. 115 

. L,i 

LIT. 00 

1 1 a II i II III. 

r 

237,77 

. I’b 

200. ;i(; 

\ aiiadiiiin 

. . . \- 

Oo.OO 

. Li 

0.07 

) th rliii'iii . 

. ,. Yl) 

171.88 

. My' 

21.10 

} llriniii 

. .. V 

88. .30 

. Mil 

04.07 

/ i n ( • 

. .. /Il 

01.01 

• lly 

lOH. IO ' 

/ii<-<uiiuni 

... /r 

80.72 


I lie symliols of tli(‘ (‘l(‘iii(*nts id'jirosoiit not only tlio 
iniiiios lint ri'lntivo (|uantiti(‘s. 1'liu.s () .stands for 15.88 
])nrts liy wi'io’lit of oxyoini ; X tor jiaits by 

of nili-oo(>ii ■ .,!,([ Jiydroo-oji Ixniiy^ that ('hniiont wldcli 
nnt('is into (‘oml)iii;iti(in m tli(» sniall(‘st ri^lalivi^ (juaiititv', 
it is takiMi as tin' basis of th(‘ svstoni, or it staiuis 
foi 1 part hy \v(‘iglil of liyc Iro^iMi. WJiat tlio symbol O 

inally nmans tluni is that tlu' (|naiitity of niattm* repro- 
sunti'd by it is to. 88 tinu'S as <4;r(‘at as tim ([uantitv of 
niaitnr rciio'siMitiMl by tin* syinliol if ; and tin; (piantitv 
of matbn- iv'pivsimtrd liy X is Ib.lLd tinu's as -riuit as tlia't 
lupiusuntial by tlu' symliol il ; ajid so on tlirongli tlie 
list, dim lignios do not ro])r('S(‘nt absolut(‘, bat ivlative 
masses. Tlnn-o are very scn ious (liHieultios «‘neountered 
in determining tin; combining weights of tln^ (dimients, 
and in regard to several given in the above table there is 
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•)•) 

considoral)!*' doubt as to tli(‘ accurafy. TIioso of tlio rl, 
iiients witli wliicdi \v(‘ most fnajiK'iitly liave to doal ]i;n,' 
howovor, bo(‘U d(d('rmiiHHl with ^n^at oaro. Work in tln^ 
do/(/ IS ('onstaiif/y ('arriod on, and ovory y(»ar om 

kiiowlod^i^v ill ivi^nnl to tlm combiiiiii^^ wm'^^dits becoin,^ 

moiv mill iimi'c mriwnto. 

Symbols of Compounds.— As tho olomcnts ontov into 
combination in tho |)roj)ortion otAhoir ivspoHivo comhin- 
iu^ woif^hts or simple multiples of these weights, it is nn 
easy mailer to represent the composition of compounils 
by means of the symbols. Thus hydrogen and chlorine 
combine in tlie ju’oportion of llndr combining Aveigtits to 
form the compound hydrochloric acid. TJie compound 
is represmitml by tlie symbol HCl, which signifies tliat 
tho compound contains liydrogon and (diloiine in tlie 
proportion of do. 18 parts of (dilorine to 1 ])art of hydro- 
gen. So tlie symbol ZnO means a (dnmiical compound 
consisting ol bd.bl jiarts of zinc, and 15.88 j^arls of oxygen ; 
HCN means a coni]M)und made up of 1 jiari of hydrogen, 
ll.t)2 parts of carbon, and 13.93 of nitrogen. Whenever 
the symbols of the eleimmts an^ ])laced sid(‘ by side with 
no sign between them, as in tln^ above exanpdi's, the re- 
, suiting symbol im'ans tbat the (dtoiimds ari' in tdiemical 
combinalion. Ibit, as has bemi pointi'd out, ('hmimits 
may combim' in more than one ]>i‘oportion. In one of 
tin;' two com])ounds of carbon and oxygi'ii tin' ('h'linmts 
aia* I'ombined in tin* pro|K>rlion of tln'ir combining 
wi'ights, ami tin* com|)onnd is r(‘])reseiit('d bv tin' symbol 
(3) ; in tin' oth(']' compound the <'h'nients ari' combined 
in tin' pro|)oj-|ion of tAvici' tin' combining w«'ight of oxy- 
g<'n lo tin' condaning wi'ight of carbon, and tin' com- 
])ound is repres('nt<'d by tin' symbol (3),,. 31n' tho'e 

compounds of iron and sulphui' to which I'etermicc' has 
already b('('n imnh' art' I’t'preseidt'd by tin' s\ inbols 1^5'S, 
and Ft'S... Tht' first rt'.prt'st'iits a cttm^nnuntl in 
Avhitdi the elements art' combint'tl in tin', ]n’t)pt)rtion of 
their combining >veights, or 55, (it) parts iron to 31.83 
])aits sulphur; the second represents a c,ompt)und in 
wddch the elements are cornlnned in the ])ro})ortion of 
twice the combining weight of iron (2 X 55.60 — 111.20 
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parts) to tlireo times tlie combining wei^lit of sulpliur 
(3 X 31.tS3 — 1)5.49 parts) ; and the third represents a com- 
pound in whieJi tlie «dements are c.ombimMl in tlie pro- 
])()rti()n of the coml)inin^ wcdght (55. (K) [)arts) of iron to 
twice the combining weiglit (2 X 31.83 — (>3. 00 parts) of 
sulphur. The four com])ounds of potassium, chlorine, 
and oxygen above mentioned are tx^presented hy the sym- 
bols K(3(), K('l()„, ]v(4().„ and KCIO,, tlu' meaning of 
which will ho clcnr from the cxpL-iuntioii just •j;iv('iL lU 
menus of such syinbols nil cluuincnl compounds (‘nn he 
repivsented, niid they represent not only whnt elements 
ai‘(^ contained in tli(‘ com])ounds, but in wliat ])roj)oi tions 
th(‘- elennuits are conibimal. 4’hey represent ta(‘ts whicdi 
lia,v(' l)e(‘n determined by ex])erimeid.. Knowing the act- 
ual wc'ight of oiH' constituent of any co]ni)ound we can 
calculat«‘ l)y the aid of tin' S 3 ’mbi)l the actual weights of 
the other constitiu'iits and of tin' compound its(‘lf. 
Thus, if we know tin' actual weight of tin' chloriin' (‘on- 
taiiK'd in a (|uantitv of potassium chh»rat(', K(3(),,, we 
can calculat(' liow much potassium a, ml how mucli oxyga'n 
ari' contaim'd in that same (piaiditv, and also what the 
(piantity of ])otassiuni chlorate is. Su])pose, for ('xample, 

W{‘ know that in a c('rtain (juantitv of |>otassium cldorate 
theie is contained 25 grams of chlorine, and it is desired 
to know how mm'h potassium and how much oxygen 
ther(‘ are in this quantity, and also what the (juantitv of 
potassium chlorate is. Wo know that the compound 
KC'lO^ is made up of 3S.82 parts of potassium, 35.18 
parts of chlorine, and 3 times 15.88, or 17.1)4, parts of 
oxygiui, tlie Avhole making 122.28 parts. I’lie solution 
of the following equations in projiortion will give the 
quantitii's desired : 

35.18 : 25 :: 38.82 : weight of potassium; 

35.18 : 25 :: 47. Gl : “ “ oxygen; 

35.18 : 25 :: 121. G4 : “ potassium chlorate. 

Chemical Equations.— In dealing with cases of chemi- 
cal action it is desirable to express by means of the 
symbols which represent the elements and compounds 
what takes place. In general, a chemical change is called 
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ii clKMiiiral iviu-tinii, iiiul tlieso reactions are of U,, 
kinds : 

1 ^ 1 ) Two or inoiv elenieids or compoiuuh inny uni 
dhvcflv /o ionii one produrt. Tins is ndlod eombiwili,,, 
The following exuniple>i will sullin\ 11 hen nierciiry is kt'j) 
hdliii- in it bvcoim's mwivd nithnhivvi 

,,1'a r,M/ sMl.slaiicr u InWi is a coim|I()II)h; ,,f niciviiry .md 
ivjii't'st'niisl hv ili(' s]/ii])(>l l\f,i^lH'Siuiu 

burns in tlio nir nml t'onns tin' coinpouinl AI^O. Hydro- 
chloric acid, HCl, coinhhics dinadly with ajinnonia, NJi.„ 
and forms tlie com])onnd knowji as aininoninin cldoride, 
iNH jCl. \Vat('r, H.dk coml)ines directly Avitli lime or cal- 
ciiini oxide, C'aO, to form slaked lime or calcium hydrox- 
ide', Ca(),,]i„. To re])resent tlu'se facts, tlie symbols of 
the elements or conijeoands wliich act upon (X'lch otlier 
are 'written 'with a [)lns si^i;]i betw('en them, and tln^ sign 
of e(|uality is writh'ii befon' the symbol of the jn’odiicL 
The chemical eejimlions which ]('present tlie abovo-nion- 
tioned chemical reactions are : 

Hg 1-0 =:HgO; 

Mg -! () rrr MgO ; 

TT('H Nib, ..Ml,(d ; 

]T,() I ('a():= OaO,H,. 

In reading the ('(jiialions tla^ jdns sign is generally ivn- 
dei’i'd by ead, end tla* sign of ('(piality ])y f/irr. Tin' hrst 
('(jiiation should accordingly b(‘ r('ad, “ i\I('r('ni'y and o\w- 
g('n give nn'i’ciiric oxid(' but it rcpre'scnis bc'sith's this 
fact the ('xact r<'lations which exist b('t\\('('n tin' (jiniiditi(‘S 
of the ('h'lnents and tin; coniponnd which talo' pai t in tin; 
reaction. 

P2) The secoml kind of cln'micaJ reaction is drcotriposl- 
tiori or the opj)osite of combination. Txam])l('s ar(' fnr- 
nishedtby the d(‘comj)osition of nn'rcnric oxide into iner-' 
enry and oxygi'ii by lu'at ; of ])otassiiim chlorate into 
])otassium chloride and oxygen liy heat; of water into 
liydrogen and oxygen by the electric current; and of cal- 
cium carbonate or limestone, CaCH)^, into lime or calcium 
oxide, CaO, and carbon dioxide, CO^, by heat. These re- 
actions are represented by the following ecpiations : 
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HgO +0; 

KCIO, = KCl + 30 ; 

H,0 =2H +0; 

CiiCO, OaO - I- CO,. 

Tlie expressions 30 and nieaii rospeetively three 
times the comlmiin^ weight of oxygen and twiciOhe e<nn- 
hinirnr of hydrofoil, tlio ti^iiro Inun^' <j;Viicr!i]lY 

used in this when the elenn^Jit is notin coniJiinntion. 
fit is, however, soinothnes written the snnie ns if the ele- 
: iiient wore in eoiuhinnfion, ns will be exjAnined Inter. 

(3) The third kind of elieinieal r(‘a(dion is that in 
wliieli two or nion^ compounds give rise to tJie forinatiou 
of two or nior(‘ otJiers ; or an element and a compound 
may act in sucli a way as to gi\(' anotlu'r compound and 
aiiollK'i’ ('l(‘ment. Tlds is called doehle deeom position 
oi' )H(f(d /i(‘sis. 33ie following cases will serve as exam- 
])1(‘S : Sul])huri(‘ acid, 1I.^S( ),, acts upon |)otassiunj nilrat<y 
IvNO., or salt])(d('r, forming ])otassinm sul])hate, K„S()^, 
ami nitric acid, Jl\().,; nitri(' acid, 11 NO,, acts upoji 
sodium carbonate, Na.d’O,,, forming sodium niti’ate, 
NaNO,, carbon dioxide, (’(),, and wal(‘r, H ,( ) ; hydro- 
(ddoi ic acid, H(d, and /inc, /n, giv<‘ zinc (ddoia’ih', /n(’l„, 
and liydrogxn. Tlu'se; facts aix' r(‘]n’(xs(‘jit('d as below : 

II SO, I l>KXO, - K.SO, b ‘2HNO.,; 

‘2IIN(h I Na.ro, - ‘JNaNO., I rO.,-f H.,0 ; 

2\\C[ b /ii Xnd., -I ‘JIL 

in tli(^ (‘X])r(‘ssions ‘21vNO., ‘JTIXO.,, t^XaXO,, and 2HC], 

tin' ]arg<' tignrc's |)la('('d Ix'tore tin' syml)ol of tin* com- 
I’ounds signdy tliar tin* (piantit it's ol tin' compounds ix'pre- 
s(mt('d by tiu' syudxal arc* to be multi|)li(‘d l)\ the ligure. 

-1 luis, IK 3 stands for 1 35.18 — 3().I8 parts of liydro- 

chloric acid ; but 211(T stands for 2(1 -f- 35.18) 

})aits; elK 1 stands for 3(1 -['35.1,8) 108.51 parts; etc. 

The Scope of Chemistry. — A coni])lete study (d' (diem- 
istry would inyolve the study of the action* of all the 
ehmumts u})on one another under all possible circum- 
stanct's, and a study of the action of all compounds 
upon one another and upon the elements under all eir- 
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cuiustnncos. This imliciitc's flint tlu^ hold is nhiiost 
Loiiiidless ; ;ui(l if flio facts were, not related annnig one 
another, if every time a, reaedion is studied we are to ex- 
])eet sometliiji^' entirely ditfenuit f]-oui ;ill otlier reactions, 
tJi(‘ task would he ])ra('tically liojxdess. JA)rtunately a 
^o’eat uiaiiy <4eueral facts arc^ known, and reactions Avhicli 
at first siHUii to have no connection are l)v careful study 
shown to ])(‘ related. Thus the study is very niucli sini- 
plitied and nnuh' interesting-. It must he our })ur))Ose to 
study the facts in as systematic a way as ])Ossil)le, and to 
he constantly on tlu' ah'rt to d(‘t<H't I'elations. ddm hahit 
of (‘omparin^- a new r(\‘iction with otlnus alr(‘ady studied 
should l)e cultivat(Ml. In this way li^ht will come out of 
the darkness, and the sul)ject will j^radiially heconu' clear. 
A\ Idle the sim])l(‘st way to h(\i;iii the study of chemistry 
is hv a, cousid{'ration of the (dements, tln^ subjead is com- 
plicated l)y the fact that we cannot r('adil\ obtain these 
(diumuds without the aid of suhstajua's which hav(‘ not 
l)e(m studi(‘d, and of ])rocess(‘S w hi(di are incomprelam- 
sihle. d'h(']-(‘ ar(‘, how(‘V(‘r, two tdenumts that occur in 
nature in enormous ([uaiditi<‘s, that can he ohtahu'd in 
the umajinhiiKMl (‘ondition (pdt<‘ laasily. As the kinds 
of action whi(di tlu.'v (*xhil.)it ar<' of preut im])ort;ince 
and w(dl calculaded to <^iv(‘. a,n insight into the miturt', ( f 
chomic;d action in guun'ral, we may ])r(ditah]y begin our 
study of chemical phenoimma by a study of these two 
elemeids. Tluyy an* oxygen and hydrogen. Tn learning 
the main facts in regard to these two elemeids we shall 
learn a gr»*at deal that will be of importance in enabling 
us to und(*rstand otlH*r (dn'inical ph(*nom(*na ; we shall 
begin to learn how to study things chemically ; and wi* 
shall thus prepare ourselves for a systematic study of 
the science of chemistry. 

C'fiomical Action accompanied by other kinds ot Action. 
— \\ h(*uever a chemical cdiange takes place it is accoin- 
j)ani(‘d liy other (dianges and, in order to gain a com- 
plete knowledge of the phenomenon, these other changes 
must be studied. Thus when sulphuric acid acts upon 
zinc the chemical change is represented both qualitatively 
and quantitatively by the equation 
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Zn + KSO, ^ ZnS(\ + m. 

In studying the renction, the first thing to do is to fenrn 
the untiire of t/io sahsiniK^es forniod, nnd the velntions 
heUveeii tli(^ siil)st;in(‘(‘s wliirii net upon e:ich other nnd 
the |)r()(liicts. Tliis liuiy ])0 caJIf'd tlie ])i]roly ('Jioinica] 
study of tlio roaotioii. ]>ut iniuvli more ean ]m learned 
in rei^aid to it 1)V (‘ai(‘fiil obsevvatiom In tlie fust ])laee, 
^\e must take; into account tlie fact tliat a solid and li(|uid 
here react to form a solid ami a, f^as ; and the (jiies- 
tion sujj;^(‘sts itself, does this change to the ^•as(a)us con- 
dition exc'it any inrinem'c; on tin*, reaction, or is this a fact 
of no s|)('cial importance? Apain, it will Ix' ol)served 
that accoiii])^!)!!!*^ the chemical chan<^e there is a marlual 
ris(' in tem|)erature, and Ave naturally impiiia* wlndher the 
(juantity of lu'at evohaxl is‘ d(*tinit(‘ for delinitc' (juantities 
oj! tln^ substances, and, if so, what reda-tion ('xists be- 
tween them. Tlnu’e are slill other change's Avhich must be^ 
taken into ace'ount in order to g(‘t a complete knowledge 
of a cheunical reaction, l)ut, as yet, tln^ study of the otlnu’ 
changes lias not bee'ii taken up in a general way, and our 
information in regard to tln'iij is conpiaratively limited. 
AVithin late velars much progn'ss has Ix'i'u made in the 
study of the heat changes Avhiedi accom})any chemical 
changes. It has Ix'en found that every cln'inical cdiange 
gives rise either to an evolution or to an absorption of 
heat, and that for detinib^ (]uaiititi('s of the same sub- 
staiux's under the same circumstances the same amount 
of heat is evohaal or absorbed. The spi'cial study of the 
iieat ch anges coniu'cted with chemical changes is called 
fJirri(ioc]i(nnisfrj/. A consideration of the facts and laxvs 
of thermochemistry is of assistance in dealing Avith chemi- 
cal reactions, and some attention Avill bo paid to the sub- 
ject in this book. 



CHAPTER TI. 

A S’lT DV OH 'nil': HLKMENT OXYGEN. 

Historical. I’ll*' oMci' cin'iiiists ('oiisidi'rcd air to !)(' A 
simple sul)stinic(c l»iit tli(‘ ('\p('i-im(Mits ol Trit'sHf^v (1774) 
;iiid Seheelf' ( 1777)) showed that tlu' aireoidaiiis two ^^as)'s 
(ndy OIK' of w]ii(di has tie' powrr to support eonihiistioii ; 
aial tlu'V siieeiK'dc'd iiid('])(‘iKh‘iitly ol cacdi ollau’ in show- 
iiiR' that owR’ou is a distinct sid^staiiet'. llie dise()^'Cl’y 
of ox\'ij:cii had a \<‘rv imi)oi4aiit iK'ariii'^ on tlu' work of 
Jjavoisi(U' oil (*om hast ioii, and it was lu' wlio jjjavi' tlie 
name ox\p,en (or no to tin' Ras, lor tin' ri'usoii that 
he snppos('d it to he tin' »'ss('ntial coiistitin'iit ol all thos(' 
cln'iiiical sid»stanc('s which arc known as acids, tin' word 
hi'iiii;- (h'rivi'd from tin* (Iri'ck o.Civt, a<‘id, and to 

])rodiic('. \\ Idle this is !j;cin'rally true, it lias siiici' Ix'c'ii 
found that tln'ix' an- other ('Icnicnts which havt' tlie 
])ow('r to oivc acid pi’ojx'rl ics to tin' suhstaiici's into tiie 
conpiosition of which lln'v (‘liter, and, tln'refor(', tin' iiaiiii' 
is mish'adiiiR. 

Oecurroncc. Oxyyeii is tin' most widi'h (list rilu^ti'd 
and most ahundant eh'iiient of tin* ('arth. It forms, as 
has h('( 11 stated, ahold. 1 7 ]i('r cent of the solid crust of 
tin' earth; eiplit nini hs of water; and aiiout oiie-liflh 
of lilt' air. It occurs also in comhinalion with carhoii 
and Indroecn, or with cari»on, h\(lidp,('n, and nitroyn'ii in 
tin' suhstanc('s which ;^o lo niak(' up tin' strnctno' of liv- 
ing thii Rs, wln'llmr veyctahle or animal. Ik'siih'S this it 
loiwis a part ol most maniifactuia'd chemical products. 

Preparation. Nolwil hstandiiijr the ahundant sup])lv of 
oxygen in nature it is not a sinijih' matti'r to p;(‘t it in tin- 
fre(' or iincoiiihiiK'd state iroin most snhstaiio's found in 
natiii'('. As it lorms eipht-ninths of wat('r, and wati'i 
consists ol only liydroecn and oxvp;('n, the idem su}j;p^('st^ 
ils(*lf at once that it may h(‘ made hy the (h'coinjiosition 
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of Avjiter. Tliis can l)c accouiplislied without sc7'ious 
(lifli('iiltv hy means of an eh'ctrii! cnrieiit, and l)otli hy- 
drogen and ox\g(vn o])tained in tliis way ; hut tlu‘ method 
IS (W'pc'iisi v(‘ and more complicatial tlian otliers whi(di are 
a'vailahl(‘, and tlnuidore it is not c(»mmoidy usmi for the 
j)ni poS(\ In tlie air die two gases nitrogen and oxygen 
MIC mi\(‘(l tog(dlu‘r in tin' ju’oportion of 1 volume of 
oxygen to 4 volunu'S of nitrogtm. lime tlieii, too, as in 
water, we have an (mormons sujijdy, lint it is dilliciilt to 
S(']»arat(‘ tln^ oxygem Irom tln^ nilr(>gim in sneli a wav as 
to l(Miv(‘ it nneomhiiK'd. Tliis can, Jiow(‘V(‘r, he accom- 
|)lish(Ml, and a nndliod is now in |)ractieal ns(‘ on tlie 
large seah^ foi' tlu' ])nrpos(' of prepai'ing oxygmi from the 
air. Th(' nudliod is liasial upon tin^ fact that wlnm 
harlnm o\id(‘, IhiO, is Inaiteil in a current of air it taki's 
up ()xyg(m and is con\m-t(‘d into harinm dioxiih', JhiO.^; 
a*nd wlien tin* jux'ssui’e upon tlie dioxide is sidliciently 
diminished, it is decomposed into tlie oxide, Ba(.), and 
oxyg(*n, as n'presmiti'd in tin* iMpiation 
BaO, - Ba()4- ( ). 

By this means tlie oxygmi can hi' extracti'd from tlie air 
and ohtaiin'd in tin* frcM* conditi(m. 

Among suhslanei's which occur in nature and which 
can h(‘ iisi'd foi‘ tin* ]U’e))a rat ion of oxvgi*n, maiigam'so 
dioxide oi' p\rolusite, also ealle<l tin* hlaek oxi(h‘ of man- 
ganese, .Aln().,, is tin* most ini])ortant. It giv(*s oil' a ]iart 
of its oxygi'ii will'll In'ati'd to a eonijiarativi'l v high ti'in- 
jiei aturi', 1 1 has h('en show n that tin* d('(*om[)ositi( >n is 
i'epr(‘S('nt('d h\' this ('(piatioii : 

d MnO, Ain O, k4>(). 

As will 1 )(* seen, only oui'-third of tin* oxygen contained 
in tin* dioxiih' is thus obtained in tin* fri'i* stati*. A simi- 
lar nndhod is that usi'd hy Ihic'sth'v when In' discoNt'iX'd 
oxygen, it consists sini])ly in In'ating mercuric oxide, 
llgO, xvhen it is decom])osi*d as rejiresented thus ; 

HgO Hg I (). 

i he sidistanco potassium chlorate, KClOg, is manufac- 
I lin'd on the large scale for a variety of purposes and is, 
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theroforo, ejisily It ^ivos up its oxygen when 

liejitoJ. At first the aec<)iiii)ositi()ii represented by this 
eipiatioii takes place : 

sjaith ^:iivCd(h + :nan + 4(). 

The ])r<)(liu‘ts an' potassium p('reh]orate, KCK)^, potas- 
sium eldoride, KCl, ami oxygen, (uu'-sixth of tlu' total 
()xv,U(Mi Ixmig given off in tin' first stage. This part of the 
decom})osi(iou takc'S [daec' rt'adily, ami at a eoni])aratively 
low h'mpm'atinv. If, after if is eomphdc', the tem])era- 
ture is rais(*d (‘oiisi(h'ral»ly higln'r, mon' gas is given oil* 
ami the ehauge represeiit('d by tin' ('(piation 

Kno, = KOI 4 40 

is aceomplislu'd. The filial n'Siilt is, tlu'refore, the setting 
free of all tin' oxygen eontaiiied in the ehlorati'. This 
fact is reprt'seiited thus : 

K('l(k 1 v(4 + :K). 

Tlie liest UK'thod for use in tin' laboratory for the 
preparation of oxygi'ii consists in lu'ating a niixtun' of 
e(]ual })arts of coarsely powdered mangain'si' dioxide and 
])otassiuni chlorate. 44iis mixturi' givi's uji oxN'gi'ii vi'iy 
readily under the intirn'iice of h(*at. Ikitassiiim chlorate 
alone I'l'ipiin's to Ix' heated to a t(‘m])«'ratur(‘ of over 
3o(T ('. to effect its (h 'composition, but wln'ii niixi'd xvith 
rnaiigaiiese dioxidi' the decomposition taki's jilaci' at 
about ‘iOO ('. I In' maiigam'se dioxide doi's not losi' any 
of its oxygen undi'r the circumstanci's. ( )ther substances, 
such as ferric, oxide, copper oxide, I'tc., may be us(‘d with 
similar ('fleet, Xo satisfactory ('Xplanation of the aidion 
of these siilistances has lieen giv(*n. lleeent exjieri- 
luonts ha\e shown that, wln'ii niaiiganese dioxide is 
us('d, oxygen, chlorine, and potassium jiermanganate, 
KMnO^, are first fornn'd. The permanganate is de- 
conip()S('d liy Inmt, yhdding the manganate, K,Mn(),, 
die dioxide, and oxygen; and, linally, the manganate 
IS dermmposed by (4dorim', yielding potassium chloride, 
the dioxide, and oxygen. 

Physical Proportios.- Oxygon is a colorless, tasteless, 
modorous gas. It is only slightly soluble hi water, 10(1 
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volumes of iifc 0’ dissolving 4.1 volumes of oxygen. 

It is slightly lieuvier tluiu uir, its S 2 )eeitie gnivitj is 
1.10363, und 1 liter under 760 mm. pressure and at tem- 
perature O'" weighs 1.429 grams, while a liOu* of air 
weiglis 1.2932 grams. In (hailing witli chemical elements 
and com|)ounds wliicli are gaseous, it is customary to use 
hydrogen inshaad of tlK'. air as the standard for specilic 
gravity. While tlui spcullic gravity of oxygen in terms 
of air is 1.10363, in terms of hydrogen it is 13.88, or, 
in other w'ords, a given volume of oxygen weighs 13.88 
as much as the same volume of hydrogen under the 
same conditions. 11 mho* a pressure of 30 atmospheres 
and at a t(‘mp(‘rature — 118 ' it is condensed to a li([uid 
of s|)ocific gravity 0.978. Li([uid oxygen is a ])ale sieid- 
l)lu(‘ tr?iiis])ar(mt and very mobih‘ li(piid wliich boils 
at — bsr . l at ordinary ])r(‘ssnr(‘. Wlien the |)r(‘ssure is 
r(Mlu(*(‘(l or r«‘iiioved, (‘va[)oration takes ])lace so iaj)idly 
that a part of th(i oxygen is often frozen to a whit(‘ solid. 

Chemical Properties. — At ordinaiy temja'raturi's oxy- 
g(m d(.)('S not act rcaadily u])on most otlnu* things, as can 
l)fi clearl V sho\\ n by putting a vaibdy of substaina^s in 
tln‘ gas witliout Inciting tlnmi. If tln^y aia^ hd’t for a con- 
si(hn’abl(‘ time sonic* evith'in't* of change* will be* o]»sei’ved, 
hut gein'i'alh' tin* clianga* is c'xti'enndy slow unh*ss the 
temperature is raised. .\t higher t(*mperatures, dirieia'nt 
for dilfeient substanct's, it condn'nes with all tin* ('h'im*nts 
<‘xc(*pt lluorim*, and it acts n'adily u])on a laigt* nuinlx'r 
of coiiijtouiids. Its action is g(‘m‘rally acconi])ani('d by 
ail evolution of h(*at and light, and tin* proci'ss iimh'r 
thi'se circumstanci's is calh'd conilmstioii. This action 
may lx* illust ratc'i! bv first heating and tin*!! introducing 
into wssels ('ontaining ox\g(‘n, siiljilinr, chai'coal, iron in 
tin* sliapi* of a, stc'C'l watch-spring, and a bit of 2)hos- 
phoiais. Idle ph(*noinena obs(‘rv(*d show' that (‘heniK'al 
action takes placi*, but thi'v do not shoAv what is foi'ined. 
It is (‘viih'iit that in (‘ach case light and heat are 
evolv('d, and that tin* substances introduc(*d into the 
^(xygeii are changt'd to other things. In the case of 
]»hosphorus the light giv(*n otV is very int(*nse, while in 
that of carbon and that of sul])hur it is only slight. In 
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tlio Yi'ssol in wliirli iW hnniiiijj;- of tlio 'iron t:ikes 
plncu' :i I'tMldisli-ld'ow 11 siibsln iu‘(‘ is di'positod, wliiK' in 
ill \v]ti{‘Ii tli(‘ pli()S[)lioi’us is hunu'd donsc^ wliiio 
fiiiiH'S ;irf‘ loniKMl and at. ilrst iiu' product is pai'tly dt;- 
poslIiMl ii{)o]i tilo walls ol ili(‘ Y(‘ssi'l in tlin lovni of n 
\vliit(' powder (hat looks lilv(' snow. Aftew standing for 
some tilin' over watc'r it disai»[»cars and tin' watr'r ovi- 
di'iith contains soiiietliing in sointion. A tlioroiigh study 
of tlu' I't'actioiis al)ovc nn'iitioin'd has shown that thc'y 
consist in tin' cln'inical conihination of oxygen with tln^ 
suhstances harm'd. 'Tin' light and heat ar(^ ri'snlts of 
tin' cln'inical action, i'he ri'actioiis are represe'iited by 
the following eipiations : 

AVith sulphnr, S | *J( ) ~ S( ),y 
“ earinm, ; 

“ iron, ;]|’V-|- lO ^ r(',(\; 

“ phos|)horus, 2r j aO -^py ).. 

The pirodncts are sal))hiir dioxidt', SO,,, a colorless 
jnnigeiit gas; carbon dioxide, ( ().,, a colorh'ss gas ; inag- 
iK'tic oxid(' of iron, ke.O^, a ri'ddish-bi'own substaiici^ ; 
and phosphorus pi'iitoxide, P. O., a wliiti' solid which dis- 
solves in water. 

Burning in the Air and Burning in Oxygon. — Oin' c*an- 
not well lu'lp noticing a st idiig resi'in blanci' bi'twei'u the 
burning ot substances in the air and in owgi'H ; and the 
(piestion naturally suggests itsi'lf, AiV' tlu'si' two acts 
the saiiK' in cliaiactei’, or is tlu'n' a ditleri'iice betwi'en 
them ^ I o answer tliis ipiestioii, w(‘ must bui ii the sanu' 
substanci's in |)ure oxygi'u and in air, and (h'termim^ 
wlietlK'f the same lu-odiicts aim forim'd in tin' two casi'S, 
aml^at llie same time whether anything else is fornu'd. 
It we should make this comparison in any easi', w(‘ 
should find that, whether a substance burns in tlu' air or 
111 pure oyvgen, tlu' same product is form.'il, and nothing 
<‘lse. It istheivfore cc'itain that the act of buridiig in 
th- air IS due to the presenci' of oxygen. Put substances 
hn not burn as readily in the air as in oxygen, and some 
'\hich burn in oxygen do not, burn in the air. This is 
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(Inn to ilio fiict that only about one-liflli of tlio voliinie of 
tlin ail' wliilo most of tlio. I'omainin^ foiii-lifllis 

consists of an ('X.tr<']n('ly inactive' (‘l(*nicnt, nitron*)!, wliicii 
talo'S no ])a,rt in tin' ]>roc('ss of liiirning. 

Phlogiston Theory. — Fire in its various forms is one of 
tlu^ longest known cliemical plK'iioirn'iia. From tin' ('ai li- 
est times it lias attracted tlu'. attention of nn'ii and lias 
l)e('n tlu' subject of spcciil.-itive' and cxpi'riiiK'ntal stndv. 
It was one of the I'lenn'iitary substance's of Aiistotle, as 
has alrt'ady bi'C'ii state'd. d lu' first comprcln'iisi v<' tln'ory 
cov('iiiig all (‘as(‘s of combustion was that put forwai’d by 
Staid and known as tin* thtonj. Accordim*- t(/ 

this, (‘Very eornbnstiblo snbstaiico contains sometbing, 
calh'd |)hlogiston, wliicli (‘scajx's in tin' jiroce'ss of bni-n- 
iiig. It was r(‘p(‘at('d I \ pointi'd out that sonn* snbstanc(‘s 
gyow ln‘a,vi»‘r by burning, or ratlu'r that tin' products of 
combustion Avi'igli more' than the' substance* burin'd. 

This can be* shown to be* tine' in the* case' of zinc 1)V 
jilacing some' turnings ot tin* nn'tal on one* pan of a bal- 
ance* and dete'iniining the' we'ight. If now the* nn'tal is 
buiiieel it will change' almost com j^h'te'l v to a white pow- 
de'i;, and this will weigh more* than the' zinc. 

If an ordinary candle is jilaced o]i one ])a.n of a bal- 
ance' and a. glass ve'sse'l o[)en at both ends anel tilled with 
laige* pien'e's of sodium Indroxide* or caustic soda is sus- 
jx'inh'd dire'clh' o\('r tln^ candle' in siie'h wav that the 
smoke' from tin* cainlh' must pass upwaials through the 
tube, and a similar tube* is suspe'ude'd over the* othe'r [>au 
e't the' balance', and e'e pii lilu'i um is tln'ii established, it 
will bee femnd that tin* pan on which tin* candle' is place'd 
will gradually grow In'avie'r and sink as the* candle' burns 
away, ddn* e'xplanation of this is simph' that tin* gase's 
which are' tbinie'el by the burning of tin* candh' are* le'- 
taine'd by the' caustic soda, and the'v we'igh more' than^tln* 
cainlh' from wide h tln'V we're* fornu'd by combustion. 

Idictslike' those' nie'iitione'd we'i'e' known wln'ii the* ])hlo- 
gistoii the'ory was be'ld, but tlu'v do not a]»pe'ar to have 
made* a ve'iy stre)ng inpue'ssion upon cln'inists. Fln'inists 
^ve'ie' at all eve'uts met able' to give a satisfactoiy explana- 
tion. This romaiiH'd for Favoisie'r. 
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Lavoisier’s Explanation of Combustion. — AVlinii Ijavoi- 
sior liis work oxv^eii Avas iiiikiiowTi, bill it Avas 

(liscov.'r.'M s.mhi Mlbn-wanl ; and this discovery was of the 
Id. -host importance for the explanation of tlie plieiioine- 
uoii of (‘onibnstioii. Lavoisier slnnved that Avhen a sub- 
stance is burned in oxyj^en or in the air, sonio of the gas 
is used uj). He tlnni Avidglied the siilistance burned, the 
oxAgen used up, and the product formed, and found that 
this relation liolds good : 

Wciu'ht of S(il)- I “t _ WeiglU, of 

siaiirc liurnod used up Product formed. 

Having estahlislual tliis relation in a inimber of cases, 
it folloAved that the process of combustion (‘onsists in 
tlu> chemi(‘al combination of (►xygmi Avith tlie substance 
liuined. Tlu'ie Avas Jio Jong(‘r room for tlie hvpotheij- 
cal ])hlogiston, and since' that time it has not ()ccU2)ieil 
a plac'c in the thonglds of most chemists. 

Combustion.- J>v the ti'iiii combustion in its liroadest 
S(‘ns(' is nu'aut any elu'mieal act Avhi('h is aceompaiutul 
])y an ('Volution of light and lu'at. ( irdinai ily, lio\vev(‘r, 
\t is i‘estri(‘t<'d to the union of substances with o\\g('n, as 
this union talo's ]»lue(' in thr aii*, with (‘Volution of light 
and lieat. Substane('s wliieh ]iav(' tlu' powv'r to unit(i 
with oxygen arc' suid to lx* ('(nnhusf )ftU\ ami snbstanec'S 
whieli liuAC not this powc'r arc' said to Ix' riK'onilni.sf ihh‘. 
i\[ost elements eomldiK' with oxygen imd(‘r pi'ojx'r eon- 
(litioiis, and arc' therelore combustible'. .Afost eoinpounds 
foniu'd by the union (d‘ owgen with eom])ustible snb- 
sbiiKcs are iiieomhiistibl... I\»r rxaiiiph', the' sulphur 
(bo.xi.h*, caiboii (lioxiiha magnrtie oxide of ii-(m, and [)hos- 
]:)horus jxmtoxide, lorined w hen sulphur, eai-bon, iron, and 
phospleuus arc 1 , 1111 ,,., 1 in ,»xygcii, aic. incombustible'. 
Th(^' contain oxygen and th.'V cannot combine directlv 
Avith more'. 

Kindling Temporaturo. \\ (‘ liavc' sec'u that substances 
h- not usually eombiuc with oxygen at ordinarv tempema- 
pivs, but tl,at ,1, onl,.,' b, ll„. union tin'. I,.n,i„.r;i- 

nit iinist, bi laiscil. 1 | (bj^ wnri' not tln' case, it, is iilaiii 
lli.it ovm v (•oinimslil.l,. snbsl.anr,. in natmv woiiM Imni no, 
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for the ;iir probably supplies a sullicient quantity of oxygen 
for tills purpose. Scnne substances need to be heated to a 
high tcunperature before they Avill <;ombinc with oxygen ; 
otiiers recpiire to be heated but little. If we were to sub- 
ject 2)ieces of phosphorus, of sul2)hur, and of carbon to 
th(i same gradual ris(> in temperature, we should find 
that the phosphorus tak(‘S fire vcoy (aisily, oidy a slight 
elevation of temjanature being nec('ssary ; next in order 
would come the suljihur ; and last tlu^ carbon. If we 
were to repeat these exjierimejds a numlx'r of tiiiu's, we 
sliouhl find that the jihosphorus always t{ik(‘s fire at the 
same temperature, and a similar result would lie reached 
ill the case of suljihur and carbon. Every combustilile 
substance has its kiiiiUinij te)n}wr<itnre : that is, the tem- 
j)eratnre at which it will comliine with oxygem. ]>el()W 
this t(‘mp('ratur(' it will not combine with oxygen. If a 
])iec(^ of wood should be Inaatral to its kindling tempera- 
ture all at once, it would Imrii u[» as rajiidly as it could 
S('cur(' tin* ne<'essary oxyg«m ; but the burjiing does not 
usually tak(‘ platM* rapidly, for fin* reason that onlv a 
small })art of it is at any oin' lime ln‘ated to the kind- 
ling h*m])(*rature. \\ atch a stick of wood burning, and 
s(H^ how, as sa\', “fin* fir<* (‘ree])s” slo\\l\ along it. 
The ]('ason of tin* slow advaina* is sim])l\' this: ( )nlv 
tliosi* ])arls of tin* slick which ar«‘ in'arest tin* burning 
part l)(*come heat(*d !(► tin* kindling t(*m])r'rature. Tln*y 
take lire and ln*at tin* j-arls in*ar(‘st them, and so on 
gradnally thi'ougliont tin* j<*nglh of tin* stick. 

Slow Oxidation. — Siihslain-es mav combine sIowIn* wilh 
<>xyg<*n A\ilhout (*volntion of light. Thus, if a |)i(*ce of 
ircii is allow('(l to li<‘ in iin)ist air, it b»*cofties covered 
^\ltll rust. Tin* rust is similar to the subslain*t* formed 
wln*ii ir( 11 is learned in oxygi'ii. IJolh ari* fornn*d bx' the 
union ot iron and oxyg(*n. ^Magnesium burns in tln.air 
uinl loriiis a while compound containing oxvgen. It 
burns with incr(*ased brilliancy in oxvgen, forming the 
^^ann* compound. If h‘ft in moist air for soim* (hn s or 
XM*<dvS, it b(*conies covered with a laA t'r of tln^ sairn^ white 
substain*(*. If tliis is scrapml otl, and Ihe magnesium 
again allow'cd to lie, it Avill again become coveu’ed 
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with a la\ er of compound with ow^^oti, and tin’s iiiav 
l)e cojitimu'd until tho ina_i;iu‘si mil lias laani <*( )in])hd(d y 
Coll V(H’to(l into th(' same sidistanci' that is loi'nii'd whoii 
it Inirns in oxvpani or in th(> air. iNIanyothor cases of 
slow oxidation niiyht lie dcsc'iihcd, sonii' ()f which, such 
as th(' (h‘ca\' of wood, are constantly takiiip; place'. Tho 
jnost important illiistrat ion of slow oxidation is that 
which takes [)lac(^ in our hodie's, foi’, as w(‘ shall sc'c', th (3 
iood of w iiich wi' [)artak(‘ und('iy,<>es a pi’e'at nian\' 
chanyi's, sonu' of the' substance's u n it in_<^ with eixv^e'ii, 
and thus keeping u[) the' te'iii pe'iature' of eiur lioelie'S. 
This, how ever, is clones witlmut e'veilution of liojit. \\h' 
iake.^ ejuantitie's of oxyye'ii into our limits in the' ae't 

ut bre'athinp,'. This acts upon various substanea's ])!•('- 
sente'd to it, eixidi/ing the'in to othei- forms which earn 
easily he i^ot riel eil. More will be' saiel in re'o.-jvel tei tho 
breathing preie-ess e)f animals aiiel plants when the' sub- 
ject e)f eairboji and its eaimpenimls is take'ii u]). 


Heat of Combustion.— ^\' hat is the' e*nie'i e u ne'rene'e' he'- 
twe'cn ceimbiistiem, as we' euelinarily umh'rstand it, and 
slow oxiibitionV As far as can l,c jikIoimI liv a enrsorv 
examination, if is tliai in llie fornn-r tlnn-e is an evolution 
of li;;lit and nmcli heal, wliih- in the hatter tlii're is ap- 
parently l.nt little he.at evolved .and no lioht. Ilenieni- 
hierine that the reason uhv .a l.ody ejv(>s lielit is th.at it 
is heated to snlti<-i,.ntly hiel, temp.. ratnre, 'the prohl.nii 
res., Ives its..ir int., a .pn.sth.n ..f h..at. What .lill-,.r..n.a., 
if any, islh..)'.. I]..|u..|.n fh.. .piantitv.>f li.'at eiv..), off 
wh..n a snhslar,.... hums, an. I uh..n'it ujnl..re.,es sl.,w 
oMdal.on ualhoni ..v,,lnli.,n ..f lielpa lAp,.,.inn.nt ln,s 

shown that f/,c,v IS „„ iliirn-nirr, all th.. Ina-it 

Js eiv..,, oil in .'i sin. Id s|iai... of (ini.., nn.l tlii.r..!’. ,ri. tin- 
e.np..ratar.. of tl... siihslan.-.. l„.,.oni..s hiel, ami it emits 
liyhT. In th...,therth.. h.-at is yiv..,, ..Ifshovlv ami ...ni- 
eimmslora mn.-h l.me.-r lini.., ami t h..r..f. ,r.-' th.. tmii- 
peiafnr.- .,1 the snhyan.a. .lo.-s m.t pad, liie-h, as .snrroninl- 
y snl,stan....s ..omlm-t olf the heal n..arly as rapi.llv as 

rl, /7 '‘’dl ■ i ^ "" to ni..asnr.>‘flm 

Imtli !-fs.'.s tiio siirno in 



HEAT OF COMIUETION. 


Wo onn inoasuro tlio lioat < ff or al)sorl) 0 (l in a 

olioinical luaictioii by allowiiii; tlio roactioii to lake ])laco 
ill a vossi'l calkal a c-alorinictio", so (‘onstniciiHl as to 
prove lit loss of beat, and couiainiiig a known wei;^dit of 
wat(‘r. Tlio tomporatni*o of tlio waior is noted at tlio 
l)t‘<^innin^‘ of tlio o[)eration inni at tln‘ c'lid. A. <|UMiitity 
of lieat is g^nun nlly statiMl by p,i\ iiii^ tie* miinbcn- of ;_;i-anis 
of \v;it(‘r wliieli it wil 1 raisi' oia* (l(';^ree ( ( '(Miti^^rado ) in teni- 
p('raiiir(‘. Tlio (piantity of lic^at ii(M*(‘ssary to rais«‘ a gram 
of wat(‘r one d(\gr ('0 in tempei-a,tm o is (lie unit nsc'd in beat 
iiKNisurcaiuMits. Ft is oalkal tin' (‘alorir. If avo sa\' tliat 
the (jiiantity of heat (‘volved in any readion is 250 eal- 
oiies (writti'ii gmnn'ally 250 eab), this means simpily a 
(jiianiity of Jieat capable of raising tln^ timipi'rature of 
250 gi ams of water one (b'gree or of one gram of Avati'r 
250 (b'grei's in tmiiperatnre. Sometimes it is convenient 
to use a lai‘g(‘r unit. Tlu^ ([uanlily of beat napiii’ed to 
rais(‘ tli(^ tiMiipi'ratni’e of oiu' kilogram of water one di^- 
gi(M' s('rv('S tlu' pnr})os(‘. This is tlie large calorie. To 
distingnisb it from the snialb^r one it is written Avitb a 
capital. Tims, 250 (fal. nneans 250 large, calories. 'J'be 
large caloi’ii' is obviously 1000 times gr(\at(‘r tban tbo 
small calori(‘. 

To ngaait, thmi : by tbe lieat of combnsiioii of a sub- 
stance is mi'aiil simjdy tlu' ([iiantitv of limit giAeii ol! 
wlien a cm taiii wiughl of tlM‘ snbstan<*t‘ combines Avitb 
oxygrm. In ordi'r to avoid i-onfusion it is inaa^ssarA’ to 
hav(' an agrtumimit in I'l'gard to tbe wdgbt of sulistanco 
which shall Ix' usi'd as tln‘ standaial. This inaN' Ix' a 
gram or any othm- wiugbt, but for the purport's of cIkmii- 
istry it is most con vmiimit to tak<^ wdgbts in proportion 
to tbe combining oi- atomic Avm’ghts. Tims, b\' the beat 
of combustion of carbon is meant tbe (pmntitv of Incat 
evolved by tbo combination of 11.92 grams of caTbon 
with X 15. MS . : :U.7t) grams of oxygim. ]lv the In at 
of combustion of sul]»lmr is meant the (quantity of heat 
evolvml in the combination of dl.85 grams suljilmr Avitb 
^2 X lo.SH i-rr 91. 7() grams oxygmi, etc. 

Not only is tbe beat of coinlnistiou tbe same Avbetber 
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tho iiiiioii with oxy-en takes place slowly or rapidly, 
but the heat evolved in any j’iven chemical reaction is 
always tin' same, and (dieniical action is always accoiu- 
paniml ])V an (‘volntion or abs()ri)tion of heat. 

Heat of Decomposition.— Just as it is true that a definite 
quaiiiity of Insat is evolved wlnvn two or more elements 
eom])ine clnmiically, so also it is true that in order to 
oY(M-(‘ome the force which holds theses elennmts together 
the same ([uantity of heat is absoi’btMl. ihiis, the heat 
of formation of mercuim; oxid(‘, HgO, is d(),()bO cal.; or, 
in otlier words, wlien IfKS.dD grams of metallic mercury 
and 15.88 grams of oxygen combine, 80,680 calorics of 
heat are eNolvt^il. ^ow, \\(^ hav(5 staui that Avhen heat is 
jxppliod to the conij)ound it is (h'composed into its 
(‘hmients. To etfect this (lecon 4 >osition, as much heat 
is al)sorbed as Avas evol vcnl in th(‘ formation of the coin- 
ponml. 

Chemical Energy and Chemical Work.— Any substance 
Avhicli has tin' ]»o\v('r to iinit<' with others can do chnnicdl 
irork : it^ |)Oss('ss('s cJu niicdl rHcn/i/. Tims, all combustil)lo 
snbstaiKM's can do Avork. tn uniting \Nith o\.yg('ii lu'at 
is e V( )l \ (_M 1 , a IK I this (‘an b(‘ t ra iisLonix'd into motion. In 
tin', ('as(' of tli(' st('am-('ngine, tin* cause of tin* motion is 
the burning of tin* fuel, which is a eheinieal act. W o 
th ns S('e that tin* S( >iirc(' of t Ini j m )\\ I'l* of tin* st (‘a m-('iigiiie 
is cln*mical energy. Siibsta ina'S, on tin* otln*r hninl, 
Avliieh lia \ (* no po \v(*i- to eonibim* with others liav(.i no 
])ower to do ehendeal A\ ork, o|- tln*ylia\(' iio eln'inical 
eiiei'gv. So tai’ as ] >o \v(*r toconibiiM* u it li ox \ g(*n is (* 011 - 
c('rned, Avater is a substain-f of this kind, ns is also car- 
bon dioxidi*, tin* gas lornied A\ hell eai'bon is l>nrn(*d in 
<*x^gell, 111 ord(*r that tln-y max' do Avoi’k bv combining 
AN it Im )\ \ g(m, th(*y iniml iirst lx* d(*(‘oni [x )S(*d, and tln'ir 
const i ineii is put togclhcr in sonn*, lorm in v/hicli tln'V' 
li.iNe tln.i powi'T of eombiiiatioii. ddiis ([(‘composition 
of carbon dioxid.* and water is taking place constantly 
on the ('ai'th. All plant-lilc is (l(*p(*nd(*nt 011 it. Tlio 
piodm ts of the action, i.i*., the dittc'ia'iit kinds of wood, 
le. ye ehendeal emn-gy -.-th(*y can do (dn'inical work. 

iis poNNcr to do Avork has ])(*en ac(juir('(l from tin; lieat 
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of the sun, wliieli is the main force used in decomposing 
tlie carbon dioxide and Avater. \Vc liave tlms a trans- 
formation of tlio sun’s lieat into cliemical energy, wide]* 
is stored u]) in tlie combustible woods. The quantity 
of lieat Avliicli is given olF in burning Avood is believed to 
l)e exactly e(pial to tlie (quantity of heat used up in its 
formation. 

Oxides.— Idle compounds of oxygiui Avitli otlnn; elements 
are called oxides. To distinguish lietAveen different ox- 
ides, tin', name of tiie ehnnent Avith Avhich the oxygen is 
in combination is prelixed. Thus, the com])ound of zinc 
and oxygen is called zinc oxide ; that of calciuin and 
oxN gmi, colei nni oxide ; that of silvin* and oxygen, silver 
^oxide ; <d.c. When an ehninuit forms more than one com- 
pound Avith oxygen, sulHxes are used to distinguish 
botA\e('n them. Thus in the ('as(^ of copper there are 
tAvo oxiih's Avhicli have tin' comjxisition represented by 
t4ie symbols (dpO and (diO. The former is kiioAvn as 
cuprous oxide and the latter as cupric oxide. That oxide 
Avhich contains the smaller quantity of oxygen in com- 
bination Avith a given ([uantity of tlie other element is 
designated by the sutlix ous • that Avhich contains tlie 
largi'r projiortion of oxygen is designatml by the suthx 
ic. In other cases the number of combining Aveights of 
oxygen contained in the compound is indicated by the 
name. Thus, 'tinnKjanese dioxide is MnO, ; sulphur tri- 
oxide is SO,; etc. 



CHAPTER III. 

A STUDY OF TIIF KLKMFNT lIVnUOOEX. 


Historical. irvtlroRvn was discovered as a distinct 
siil)staii('(^ l>\' Cavtsidisli in ITdti, altlioiif^li it had l)eeii 
()l)S(n ved as an iiiilaimiial)le ^as Indore tliat time. 

Occurrence. — It occnis to sonni (‘xteiit in the tree coii- 
<liti > 11 , and issiu's tVoni tlu' ('arth in small (quantity in 
sonn* localities. It is, for exam[)le, a, constitinnit of 
tli(‘ j^asi^s wliii h escape fioni tli(‘ jndrohMim w(dls in 
PminsN Ivania. Jt lias also Incii shown to occur in (Uioj’- 
nious ([uaiititif^s in tln‘ atmosphere' of tin' sun. On tlh) 
earlli it occurs (diic'tly, howevm-, in comhination in water, 
of wliic'h it fornis 11.11 per c(‘nt. It occurs also in most 
suhstances of animal and vec;('tal)le ori;^in, siudi as the 
vai’ious kinds of wood and fruits, and tin', tissues of all 
animals. In thes*' prodmds (d' lile it is contaiin'd in 
comhination with carhon and ox\p;<'n oi‘ with carhon, 
oxyfi’i'ii, and nit rop(‘ii. 


Proparation.-'l’lie simph-st way, tlieore'tically, to ])re- 
])ar(‘ hydronvn is hy the decomposition ( d’ wate'r hv the 
(destllc ciiiieiit. Lt has ;dre;Hl\ IxM'it stated tliat \sheu 
an (dt'cti'ic cin i-eiit is pas.sed j hroiiyh water tln^ t wo ;^-ases 
oxyyvn and hydioyai are liherateMl. lint thisiindhod 
is less convamieiit and inoi'e (>\p<msi\e than other 
I'i'dhods wliieh are axailahh-, and it is tln>refore us.mI 
‘>nly under speeial circiimstaman. It is pa I't icu la rl v 
well adapti'd to tin* preparation of small (jiiantities (')f 
jnnv hydrogen. 

S.)iii<; ('Iciiirnfs \vli..n in coiDact with water at 

the onhiiaiv ier,i|M.ral a re he,-,,ia|H,se itaii.l set hv.lroeeii 
hee 'I'lie two i,iost easily ohtailieil eleiaelits whieldirt 
"I tins way are sodium ami |M.lassinm. If a small ..i.-ee 
r..tassim„ IS thrown ii|„m water, a llame is ohservod 
If Smiuim IS used, it is secu to form a small 


(dU) 
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wliicli moves about ou tlie surface of tlie water with 
a hissing- sound, ])ut under ordinary cij*cunistaiic(^s no 
tl;iim^ is o])served. J]y a[)[)lyin^ a Haiin^ to tle^ l)all 
som('thiii.t;- tak(\s tir(^ and l)ui‘ns. Jyv tilling a < 4 ()od-si/(Ml 
t(\st-tn])(‘ with w*Lt(U‘ and inv(‘rlin^ it in a larger v(*ss(d 
and hrin^inj^ a. small ])i<aaM)F sod inm Avra ])[)(‘d iji a j)i(‘ce 
of lilter-pajau- ])elow tln‘ jmmth of tin; tub(‘, tln^ sodium 
will i'is(* to tin; to[> of tln^ tube when r(d(*ased, and it 
Avill then be s(‘en that a ;^‘as is (‘volv(‘d w hich gradually 
(1('| tr('sses the Avatt'r in the tula'. A similar e\])eri- 
unmt Avith [)otassiuui j^ivc'S a similar result. The j^as 
yivi ii off ill ('ach cast' is hytlroytm. J>a^ «;va poratiii^' otf 
till' watt'r h'it ill tin' \t‘ss('l tln'it* will la; found iu each 
case a wliite siihstaiici' of markt'd cln'inical [iropt'rtii'S. 
That foriiK'd with tin* jiotassinm is kiiowji as potassium 
Indroxide, or caustic potash, and has the (.'oin|)()sitioii 
it'jU'est'iih'd by tin; syiuhol KOK; that foruK'd with the 
sodium is known as sodium Indroxide, or caustic soda, 
and is r('|)r('S(*ntt'd hy fhesymhol NaOll. Tin* rt'atdions 
wliicli take [ilace la'twt't'ii potassium and sodium and 
water are reprt'seiited liy the etpiations 

K + JT.O r KOH -I - ][; and 
Na ! - Jld) NaOH f H. 

Half t1ie ]iydroi.r<'u of tin' Avatt'i* Avhich is decom])Osed is 
r<‘j)laced by the potassium oi- tin* sodium, as the teiso 
may he. ddiese I’cactions art' jiartlv dt'scriht'd bv sav- 
iiiy that the piotassium or sodium is snhst if nff iJ for half 
flic liydroyeii in tin; Avatt'r, and tin' act is (*alh'd s)ih- 
if )/f inih Tliis is a ver\ common kind of idiemical ac- 
tion, a t id WQ shall consta III ly nn'et with it in tin* ct )uisf' of 
oiir study, d.die reaction is one of doubh' dt'com])osition 
oi- metath esis, two substanct's acting upon t'atdi othe^ to 
ioriii two otln'rs. Tin* caust* of such a rt'action is to bo 
soiiylit for in tin; dith'rt'iit th'^i^rt'cs of attraction I'Xi'rti'd 
by tin; eh'meuts U])on oin; aiiotln'r. Jn j^'t'iieral terms, il 
two compounds 71 and (H) are brought together, and 
the element A has for C a stronjjjt'i* attraction than A (ot 
Jj, and B has for 1) a stronger attraction than it lias for 



4; 


LMJRUAyiV t'llKMlSTli V. 


A, tlion reiK-H.>ii will lak.' [A-.xw, to .si.nio exteiic at least, 

aceoi'diii;' te Hie ('(Hiatioii 

ji;jf-CI) = AG+lll). 

'L'hc actiiin iiiav ln‘ iiimlitieil liy a iiiiiiiliev df eireuni- 
st-ni.vs which wiil lie hvaii'.l -if in due lime. ]t is evi- 
h.iw.evr, anw fliat a very imiiertant iin.lilem for 
flic chciiiist to solve is Hie ilelermiiialioii of Hie allrai- 
ti,,ii which Hie eleiiieiils exerl a|ioii one ailotlief. It IS 
extremely ililViciilt lo make these aelermiiialions, lint 
soiiiethiiiy' call he leariieil in ree.-inl lo them hy a stmly 
of the changes in leiii|ieratiire which accom|iaiiy them. 
The attractiou is not |)ro|iorlional to the heal evolveil, for 
reasons which will lie (lointeiloiit later, Imt there is some 
K'lation Ix'twtM'ii tlit'iu. 

Souio siil)st:ni('('s wliicli dccoiii |)OS(‘ water slowly at tlio 
ordiiiaiT teiii[)(‘rature do so readily ai a Light']' ti'iiipera- 
ture. 'riiis is true, L)]' t‘\aiii]>le, of ii'ou. At oi’diiiary 
te]a[)L'ratiU't's it dt'eoiiijiost's watt'r, as is st'i'U in tin' lor- 
inatioii of a coating upon it wln'ii left in contact with 
watt']'. At higher tenqieratures wlit'ii the iron is ri'd- 
liot it deceiiqioses watt'r vt^ry rt'atlily, and hytlrogeii may 
l>e niatlt' in tpiantity hy tliis nu'ans. In tin' lahoratoi’y 
the iron nia\ he ht'alt'd in a gun-harrt'l or in a jiorct'lain 
tube. When stt'ani is jiasst'd ovt'r it tin' dt'conipositiou 
represented in this ('([nation taki's [dac(‘ : 

:iFe + IH.,():::.re/). 1-8H. 


The iron conihines with the oxygen and liherates tin* 
hytlrogen. 

Carhon, in the form of charcoal or coal, niav la; used 
in a similar way to t'llVct the decomjiosition of wnitei' 
and the liheratioii of hydrogen. At a high ht'at the re- 
action takes plac(3 mainly as r(*[)resented thus : 

0 + H,0 CO -f m. 

A mixture of two gases, carlion monoxide and hydrogen, 
is thus formed. This mixture is the (.‘ss(*ntial part of tin* 
gas which has of late years come into siicli extensive 
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nsn under the n;inie “ This is formed by 

]):issini^" st(^‘iiii over liiu;]ily IkniUmI aiitliraeite coal. 

Hy fa]’ most (*on vejiieiit mel liod for makii]^ liydro- 
ij^vw consists ill ireatin^^ a. metai witli an acid. Amon<^^ 
(In' metals ix'st a(la|d(Mi to (he pinpose arc', zim; and 
ii'oii, and indetnl /iiu; is almost excl iisi v(‘]y used. As 
will l>e sfMoi latf'r, acids aia* sniistaiices tiiat contain 
h\(lroyen, and are cliaracterized b^' tin* |)rojX'rl\' that 
tli'‘V pdvo u[) tliis hydi'()<^en xan-y easily and take iip 
ot:ln‘r ('(('nnoits in tin' phn'e of i(, Aiiioill^ tin' coiiiinon 
acids ioiiiiil in exa-rv lal)( >rat( n\' ai(' Jiijil r<)<]ih))'if' 
stil pfm t'ic era/, and tnfnr. fic/d. Tin' <'heni i-l r\- of t)n-se 
conipounds will Ix' lia-atc'd of in duo time; hut, as xve 
shall be obli^i'd to iisc' them befoic thex aie (aki'ii up 
sx steinafically, a lew words in regard to them ai’e desir- 
aljt' in (his placi'. ^ 

J Iffil rix'filorii' field is a compoiiiid of h\alroo<*n and 
chloiiiu'. It is a ,i;as wliich dissolxes easilx' in wat('r. 
It is this solution wliich is nsod in (In' laboj'atorx', and 
w hi(di is Ilia n II fact 11 red in ('inuanons (piantilii's in conin'c- 
(ioii with tin' niannlactu la' ot soda or s(x!inm carlxmati'. 
Its (‘in'iidc'al symbol is HCI. I n <'om nn'rci' it is jiot 
II iic( >111 moll ly called “ murialic acid.” 

Suiphune field is a ('ompound of sulphur, oxvi^a'ii, and 
h\alroL;('n in (In' proportions la'pia'sc'nted by (In' foianula 
H SO^. It is an oily li<pdd and is freipiently (allied 
‘‘oil of vitriol.” It is mamifact nia'd in \a'i \ laiya' (piaii- 
iities, as it j)lays an importaid part in many of tin' most 
iii|iortant cln'inical imliist rics. 

\ d rtf' field li conpxmnd coidainint^ nitroi^en, oxvpa'u, 
Old h\a Iro^i'ii in tin' proportions la'jna'si'iitt'd b\' (In' 
orniula liN(),^. ft is a colorh'ss liipiid, thoup;h, as wu' 
;et i(, it is commonly coloia'd straw-A i'llow'. 

Will'll a iiK'tal, su('h as zinc, is brou^dit in contact xvini 
lydrocldoric or sulphuric acid, an ('volution of hydro- 
' ll takes phu'i' at f)nce. Tlie reactions arc as repre- 
ented in these eipiations : 


Zn + 2H01 =:.ZnCl, +2II; 
Zu + ZiiSO, + 2H. 
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Each c()iiil)iiiinK of zinc liberates and replaces 

two com bi iiiai;' \\*‘iL;h(s of hvdroe,eii. 

The action hetwi'cii iron and tli(‘se two acids is of the 
saine elm i :u‘t(‘r : 

Ee + 1^11(1 ^Ee(1, 

l<e } n so, - E(‘S(), \ 2YL 

The h\di()i;'en obtained fi'om acids by the action of 
metals is not jmre, bnt it ('an lx* pnriti(Mt by tiaaatnnnit 
with a p I ) rop rial (' snbstanc(‘s. lhat obtainml ])y tlu^ (hi- 
eom})osition of waten* h\ th(‘ ('h'ctric currend is pni’e. 

Physical Properties.- I lydi imim is a colorh^ss, inodor- 
ous, tast('h‘ss ^as. d'hal imnh' by tln‘ action of acids on 
yaiic or iron has a sonnovliat disap;r(‘eabh' odor whiidi is 
du(' to tin' [>res(Mice of ollii'r nasos in small (plant ity. It 
is not poisonous, and may tlnnidoic' Ix' inliah'd with im- 
punitv. W e could not, how('V(‘r, li\(' in an atinos])lnn-(‘ 
of liydro^im, as we in'ed oxygen. It is tb(‘ liobt("st 
known substance. Its sjx'eilic ,uravity in terms of the 
air standard is O.Obd'ib. A litre under Tbd mm. pi’(‘ssnr(‘ 
and at 0 w ('ip,hs t).0St)S7.‘J p,ra m. I ndcr ( )\ \y;’(m it was 
stati'd that in eiiemistiw' h \ ( I ronen is eomimmlv tak(‘’n as 
the standard of spccilic _L;ia \'ity , a nd that, h\(lro^(m Ixuiin 
Unity,! be s[x'eilic nraxity of o\\L;(‘n is Id.SS. TTui ons i> 
indy slightly solubh‘ in wafer, lOO volumi'S of water 
take up l.tld volumes of hydi-o-eii. 'Jdi(‘ fact that li\- 
droeini is liejiter than tin* air is shown by ojxndiii^' n 
\essel wliieh ('ontaiiis it and tiiridiig tin' month of the 
M'ssel u[)ward. I he oas (‘senpi's at oiiei*, and in a \t‘r\ 
shoit time m> exideiiee ( >l jfs pri'seiiei* call lx‘ ()btain(‘d. 

I il^ht xcssels as, lo|- exaiii pie, soa p-l)nbb]es ( >]•(*( d I ixlioio 
balloons lilh'd with tin* pus rise in thi* air, and it is used 
for the purpos(‘ of HHin-- larp;e balloons. 

irvdroeen Ims been conveij(Ml into tlnx bdjuid form 
under aj.ressnre of t>l| atnnesphmcs at a temperatur.^ ef 
- .n. Its bodiinepoint umhn- ordinary atmos 2 )heric 

pressure' is ^ ‘4 i:4 .d. 

irydro^n*n jiasses ri'adily ihrouf^di ])orous suhstaiim s 
<.V It .lilVusos rapully. 'I'lus r-.m ,.;isily l,o doirioiistratr J 
1" tli(! ca-so of porous eartlieuwaio and paper. U 
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also passes lU'adily tlii'oiigli some metals, as iron and 
platinum, wlien lu'ated to redm'ss. Tln^n' is a direct r(‘- 
Jation l)('t\v('(*n tlie speeilie. gravity of gases and tln^ raU* 
at wliieli tliey dillnse. The io\V(‘r tlie speeilie gravity 
the nior(‘ ra[)id the diirnsioii. Tin; law governing tliese 
pheiiomejia is : 

77/e /’e/e < if di (fusion of ijo.sns is o ppro.riniotcJij hivcrstlij 
proporf iomd to tho squoiu'. roofs (if their specific (/rovifies. 

Tli(‘ sj)eeihe gravity of hydrogcm heing 1 and tliat of 
oxvgr'ii nearly Id (15.88), tln^ rat<‘ of ditfnsion of oxy- 
g('ii is aj/proximately ] that of ]i \ (h’ogxni. If hydi’og(Mi 
is on one side ot a porous wall, and oxygen on tlnx 
other, the liydrogmi will j)ass tlirongli the wall so 
jiiiich nioix' ra])idly than tin* oxygen that tliere will l/e 
an aeeimiulation of ]iy<lrog(‘n on one sid(' of tlie^ Avail, 
and if tin* AX'Ssi*! wei’e (*losed th<*re wonld be in- 
er(*as('d j/ix-ssiiri* on that si<le. Tin* r<*ady ]>assage of 
gas('s throngh porous walls is a matter of great iinpor- 
taiiee in eonn('<‘tion with tin* ve'jdilation of dw(*llijigs. 
31ost of the mat(*rials us«*d in building are ])orons and 
[X'l jiiit the ])assage of gases thi’ongh tln'in in both direc- 
tions, and ehang(‘ of air is secured in this way to soiji (3 
e\ l(*iit. 

Chemical Properties.— rinh'r ordinary circumstam*es, 
liN (h‘og(‘ii is not a j/articularly acli\(‘ eh'nn'iit. It do(‘s 
not unit/* A\itli <»xvg<‘n gas at or»linar\' t(*in])(*ratur(‘S, 
hill, like other conibustibh* substanc(*s, it must lx* 
lu'ati'd up to tin* kindling l(‘nip(*ra( uix* ln*foix> it \\ ill 
hum. If a lighl(*(l malidi is apt)li/*d to it, it takes 
lire at onc(*. The tlann* is col<)rh*ss or slightU’ blue. 
(n*n(>rally tin* ilanie is sonn‘A\hat color(‘d in const*/ jueiict* 
ot tin* pr(*st'n('e of lor/*ign stibstances ; but that it is 
coloi’h'ss when the gas is burin*d aloin* can be shown bv 
huriiing it as it issu(*s from a ])latiiium tube whiclTis 
its/*lt jiot ch(‘mi(*ally act(*d n])on by the ln*at. Although 
tin* llaine is not luminous it is int<*ns(‘ly hot, as can bo 
s(*(*u ])y inserting into it a coil of platinum Avirt*, Avhicli 
^vill at once become red-hot and ojuit light accordingly. 

Hie buriung of hydrogen in the air, like the burning 
ot other combustible substances in the air, consists in a 
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Au'A”'.A.uAu,>t r.’niiaii,- l>' Uiiilr with -<vi,-y// 
pnV'i'.. .11. ;,(r,ios,,lu'lv of l,y<lvn;^rn, ntul ,l<ws nut 
,oruliiiH- uidi livilr.i-vii. Tln' r.u'l is cxjircssed l)y s;iy- 
in^' tlnit hydi (lot's not suj>[»orf colli I Misl ion. This 

c;iii !)(' shown hy liohliii;^’ a m'ssoI lillcd with liy ili'o^c'ii 
A\ ith th(' inoiilli (low'll ward, and iiistn l in;j;' iido it a lii^lih'd 
tajK'r snpportt'd on a wirt'. d’lic. j^as laki's lire at the 
niontli of tilt' V('ss(d, hid I lit' t;ij)t'r is t'X I i iiguislitMl. 

()rdinarily wt' say that liydittycii Inirns in t)\yt;-en. 
hnt, as tin* act consists in (In' nnion t)f Iht' I wo i^’ast's, it 
would s('('in prt )l)a l»lt' llial t»\\m‘n will Inirii in an at- 
nios|>lirr(' t)t hydroyt'ii. d'liis can ht*, show n It) hi> ti'in^ 
hy a |)rt)})(n- ai'ra)ii;t'nn'nt of a|)))aratus. If we wi'i't' 
snrrt)und('d hy an at inos[di(‘re of h\(lroo(‘n wo should 
|)rt)hahly speak td oxyyeii as a ct ini hiislil dt* ^as in tht' 
sanit' way that w<‘ jiow speak t)!' ii \ d rt as a coinlms- 


tii)l(' <;as. 

It can (easily he shown that, wlit ii h\tlroo(‘n is ImiaitMl 
t'itht'riii oxyi^i'ii oi’ air, water is foianed. ddit' siniph'st 
w.iy to show tin's is hy holding a, p;lass plait* or stone 
otliei i iicoiiihiist ihh' tdtjtsd- a short distance above ;i 
dMiiie liy,lr,..yrii. [t will I,,,. s.tm tliat .Irops ol’ wat.T 
ait' condens(‘d upon it. 


-liy(|i'..-(.|i cojiiliirics widi inaTiy oflicr clchiciits liosidc s 
ox.v-cii, and I'diaiis s..iii(; ol' (li<. iii.ist iiiip(ii-|:iid, and in- 
ti'ivsfiiia (•(iiiipoiiiids, Midi as Iiydnadddl-ic acid, IK'I; 
siydnivctti'd liydi'.ij^cn ..I- livd'idj^aai sulphide', HS; 
aiTiUK.iiia, Ml,; aiarsl, j^-as, CH,; and all tiu' a, dels. On 
ajaamutof its aUluity lor oxyocu it is useal very oxt.'U- 
sivclv tlae lahond.u-y lor 11,,. purpose of extra.'tiuy' 
ox\ci'u ti-oii] coiupoiiiids coutaiuin^^ it. Thus, wluui 
i\( loci'u is passed oviu' heated cop])i'r oxide, (dlO, it 
-"Hluues with the oxyoeu to form xvater, ami the eo].p< r 
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P left in tlie free or nncombmed state. The reaction 
|iepreseiitetl thus ; 

Cii0 + 2H=H,0+Cih 

A shnJLir rench'on hikps pLiro wJu^n hydrogen is passed 
over highly heated oxide of iron, Fe^K • 

The removal of oxygen from a compoiirul is called 
reihicfion. lieduc^tioii is thend'ore plainly tln^ opposite 
of oxidation. Any substance which has the power to 
abstract oxygen is s[)ok(m of as a mincing agenf, just as 
any substance which has the power to add oxygen to 
;i substance, or to (h'composeit by the action of oxygen, 
is*<.’a,lled an oridlzirig agcni. 

A luimber of nndals have the power to absorb a 
larg('. (piautitv of hydrogmi when they are lieated to 
red lieat in the gjis. Tills jihenomeiion is sliown most 
st J'ikiiigl V by [)alladium, which under tlie most iavor- 
able conditio!is talons up soundliing more tlian blir) times 
iU own voliiiiK' of liydrog<ui. ddie gas is given up at 
el(‘val(Ml t('mp('ratur(‘. in a vacuum. Wlien it absorbs 
li\ (lr(tgeu, palladium umh‘rgo(‘s marked <-hang(^s in 
pi’ojx'rt i(‘S. Its volume, is incr«vjs<‘d, and its magm'tic 
ami cb'eti'ic prop(‘rti<‘s ar(', also cliaug(‘d. .it was sug- 
g(‘ste(! b\' (Iraham, who lii’st obs(‘rved this plK'HomenoU, 
that 1 ho li vd f< )gen lu'ld in combination by tin* palladium 
is soni(“tliing' cpiiti' dilleroid from oi'dinary liy ilrogt'ii, 
ami tliat it must lia.ve some jU’opc'rt i('s like tliost' ot the 
so-ealh'd nirtals. [b‘ thercdbri' calhal tin* combined 
hy(b’og('n // yd/vu/c/o” mu. 

Comparison of Oxygon and Ilydrogon.- — ITvdrogen aiyl 
oxygon ar(‘ diiltua'id kinds of matter, just as inaat and 
<‘loot ricity are dilfor(*nt kinds of (‘Hei-gy. lb*at can bo 
< on\ ('ctc'd into eh'otrioal (‘inn’gv, ami electrical energy 
into boat, but om*. (‘h*ment cannot by any means known 
to us h(* c»mvei-ted into anotlnu’. 1Tiey aia* a[)par(‘ntly 
entirely ind(‘])(‘mhud of eac'h otln*r. Tin* ipn*stion will 
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pjireiit tlii'i'c is not soino rnlniioii bn- 

t\V('(‘n tlin (liflVnviit oliMiiniils wliicli ivvnals its(‘lf hy 
siniilrintx in pi nprrtit's ? It will Ix' found that tlu' nle- 
2m'ii(s (‘;in Ix’ scj)arat<‘d into n;roii[»s or taniilic's acnord- 
ini; lo tiun'r projxnt ins. 'rin'O' arn soiiu' nliniunds, for 
n\:iinj)l(', wliinii in tinnr nluMiiinal (xmdiint r(‘st'nd)ln oxv- 
<'■('11 inn rk(‘( 1 1 \ . 'I’lu'sc ('hni mils (‘oust it iit(‘ tlu' n.nitfcn 
fxiiiihf. So far as ii\(lro^i'n is nonnnmml, liow(‘V('i', it 
stands hv itst'lf. 'riinrn is no otlim- nli'inmit wliinli non- 
ducts itself lilu' it. If \V(' coin|»aie it with oxv^ini, we 
iind vm'v lew facts wliinh indicalc anv analojry between 
the two (dmnenis. In tJn'ir [iliysical piopei't ii's they 
ar(‘, to be sure, siinilaJ’. l»olh ari* mdorh'ss, inodoinnis, 
tasteless c;is(‘s. ()n the olhm’ hand, oxynini conibiiies 
]'eadilv with a lai’pi* niunber ol snhstanees with wliiidi 
Jlvdrocnui does not coinhine. ()\\y;(‘n, as wi^ hav(' see*/i, 
coiubiiK's (‘asil\ with carbon, sul]dinr, phospliorus, and 
iron. Tt is a ditllenlt matter to pi'l any of thmse (‘liniunits 
to combine directly with hydi’oyeii. t’lnther tlian this, 
substances which comhine I’eadily with hydrogen do not 
condiine O'ndily with oxyycn, The two eh'iiients ex- 
liiliit opposite clicmical pro|)crl i(‘s. W'liat one i-an do 
tlie oilier cannot do. Tliis opposileiiess of jiroperties i^' 
fa.vo]’al)l(' to (xnnbination ; lor not onis do h\ (lroo(ni and 
oxyeeii combine willi nreat ease under propi'r condi 
tioiLs, but, as w'c sliall see later, it is a j-idi' that 

elmiienis ot bke properties do not readil\' combine witli 
oiH' aiiotliei-, while elements of unlike j)ro[/t*rti(‘s cb 
readily combijie. 



CHAPTER IV. 


STUDY OK TIIK A(;T1()N OK 1 1 VDIiOGKX OX OXYOEX. 

Burning of Hydrogon. — AtttMiHon li.is alr(AT(l\' Ixaui 
(‘allrMlio tli(5 ia(‘t tliat, an Ikmi Jiyd |•()^■<‘n huijj.s, Asatt'V is 
foniH'd. It is now iaaM^ssa ry iliat this naictioji should 
1)(^ stiidi(Ml ntoi(^ Ihoroiii^ldy with tlu^ vi<‘W of disc‘ov(*r- 
iiig, as far as })ossihl(‘, ('xactly what tak(‘S ]>la(*o. Oiiu 
of tlu‘ first (jU(‘stioiis (o h(‘ answ<‘r<‘d is what rivlation 
(^xists IxdwiMui (h(‘ WiUj^Ids of tlu‘ ludrogiui hiiriKal, the 
<)xyg(‘ii used up iu tlu^ huriiiiii^- ])ro('(‘ss, and th(‘ wator 
foriiUM] y Ihit to W(‘i,vli Ras(‘s aceurat^'ly and to (‘olh'ct 
sni:d] (|uaidi(i('s of wat('r and woioh it l)v no means 

siiiri)h‘. o])(M‘ations, and a great doal of work lias Ixmui 
( h^ne upon tli(‘ prohlmu umler eonsidiU’at ion. No good 
iiK'tliod has IxM'ii (hoisial for thr ([uantitativi' study of 
tlu' eomhinatioii of li\(lrog<*n and <>\\g('n 1)\' ordinaiv 
1 ‘oiiiluistion. <)n th(' otlnu* hand, very aeeuratt* (*xperi- 
inmits on the suhjiad ha ve Ihmui madr^ in t hvoi^ other 
ways, a. hriot aecount </f whiidi will now h(‘ gi\(*n. 

Method of Dumas. — tii’st aceniati' (‘\ pmi ments 
on tli(' eomhiistioii of hydrognm are lliosc' of Dumas. 
'^1 lie iiK'tliod miiployod hy this elnuiiist was as follows: 
]1(‘ ])assed eao'fully j)Uiill(‘d hydr-ogmi o\ri- lieated 
eoppi'r oxid<‘ and (‘oilectod lie' water foi'med. I'lie 
J’eaetioii involvi'd is that, |■<‘p|■(‘s^‘nt('d hv the (apiation 

(hit) ; ‘211 n o 1 (hi. 

The weight of tin* oxygaui that eidei*ed into eomhi- 
nation with liydi’ogen was <>l)tain(Ml h\' waughing tin* 
vessi'l ('outaining the eo|>p,T oxich* 1)<*foi-e and after tin* 
e\p('riiin‘nt. Tin' loss in wa'ight rt'j)res('ut('d the wa'i;^ht 
'>f tin' oxygi'ii which had lieeii ahst raeti'd. 'file water 
y.is (oll('rt('d hy passing tie* gases tornn'd through an 
<'«npty glass vessi'l in w hich most of the wah'r was eon- 
h' iisi (Ij ,ind then through tuht's containing molten caus- 
tic*, potash and phosphorus pontoxide, .substanei's Avhieh 
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ing the purity of air). The eudiometer is simply a 
tul)e graduated in millimeters and having two small 
platinum wires |)asseil through it at the elosetl (ujd, 
iK'arly nuM'tijig insider and ending in loo])S outsich*, as 
shown in Fig. 1. The (uidiometer is tilh‘d‘with nnueurv, 
inverted in a mercuiy trough, and held in an upright 
j)()siti()n by nu'ans of proptu- clamps. For th(‘ pur 2 )os(^ 
of the exp(U‘ini(uit a (quantity of hydrogen is passed up 
into the tula*, and its volume accurately measurful. 
About half tliis volume of oxygcui is then introduced 
and the vobnne again a(*curat(‘ly dcttunniiKMl, and 
after the mixture has been allowed to stand for a 
lew minut(‘s a spai'k is passcal between tln‘ wirc^s in 
the eudioinctiU' by conn<‘cting the loops with tin' polos 


of a small induction coil or with a Fe\(lcn jar. ruder 
tlH'S(‘ circumstanc(>s the ex[)losion takes ])lac(‘ noise- 
lessly and with litllc or no dangcu*. If th(‘ ijitmior of 
bic tnb«' was di-y lad’oro tin' I'xplosion, it will lx* s(‘«*n to 
b(' moist a tterw a I’ds, and a, marked decrease* in (lui vol- 
uim' of (In* gases is also obsej*v(*d. d'hat wate'i* is the 
]>iodii(‘( ()l tli(‘ action lias Ix'i'n pi’o\ed bevond an\‘ possi- 
I'ilily ot a douht, over and ow'r again. As the* liepiid 
\\ai(‘r whicli is lornied occupies an almost ina [)[>re*i-iab](^ 
\ohime as coiiipai'ed w ith (In* volunn* of tin* gas(*s w hiedi 
*''’"d*iina the <lecreas«‘ in Nolmm* r(*presents the total 
liydrogeit and o\yg<*n whiedi have* coinbiinsh 
if tin* ('\ pe'i’i nnuit is p(*rt(»rnH‘d with tin' two gases 
''I dill('ivnt ])iopoi-tions, it will bi* found that onl\ when 
dic\ are* mixed in tin* proj)ortion of 2 ve.luines'of hv- 
diog<m t() 1 ^olnnn* ol oxygen do tln'N' coinph'te'U dis- 
*'lM"'-"‘ ill the (*xpl(»sion. If tln'n* is a largi'r proportion 
liy<liogvn ])r«‘S(*nt, tin* exe‘e*ss is i(*ft owr ; and tin* 
is true* of tin* oxygon. It will thus be sea'ii that 
'vheii hydrogon and oxyg<*n cemibiin' to form wate'r, they 
so ill tlui ‘ ^pi 111 ii ui of 2 volunit's of hydrogi'n te 
i volume of oxygi'u or more accurately ‘J.OOOS to 1. 
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iBioii surrounded by u tul)(3 or jacket arranged as 

Igjjouii in kdg-. "J. This is connected through the cork 
'^■nt the lower ('nd with :i M'ssel from which :i current oi 
sfcnni (‘nil Ix^ oUtniinxl. Tim shei/n js jinsstul through 
fh(> jn(‘kct until the tfuujxwntun^ (>i‘ tho nKU'cui’V Jj/iy 
renclu'd Hint of the stenm. A ni/\ tiir(‘ of It ydrogeii niid 
os^vgen in tin', proportions in which iln'v (‘omhiin', riz,, 

2 oi hydrogi'ii to 1 of oxygen, is then inirodiU’ed into 
flii^ (Midionudiu- so that it is tilled to tln‘ third inai'k. 

'rids nuist 1)(‘ soiiKovhat above tln^ hoel of tln^ nnoamry 
in th(^ balh, so that tin' gasc^s in the (Uidiojinder shall be 
undi'i’ (lindidslu'd pr('ssui(‘. On now passing the spark 
tli(' gas(‘s unit(‘ and the wat<‘r Avhiidi 
is for lin'd i‘(Miiains in tin; form of 
vajior, as tln‘ t('iiip('i’atiire inside 
th(' midionndf'r is jn'arly that of 
boiling Avalc'i', and tin* va[)or is iin- 
(h'r diininisln'd prc'ssiire. It is 
found that tin' noIuiik' of the \\at('r 
\a[)or is less than that ol tin' gasi's 
ini rod iic('d into tin' ('udioiin'ti'r. 

In onh'r. to si'caio' tin' same press- 
uri' as that undei’ which tin' gas('s 
AVi'iX' nn'asnied, the (‘iid ionieter 
ninsi he lewa-red until the height 
of the nn'i'cm v column in it is tin' 
saiiK' as it 3\ as before t In' (‘Xplosion. 

()n now' nn'asming tin* voliinn' of 
Av:it(‘r vapor, it will !)(> foiiinl to Ix' 
two-thii(ls that, occiipii'd bv the 
uncombined gasi's. d'heia'fori', 2 
vobinies of h \'d rogt'n combine with 
1 Nolunn' of owgeii and form 2 
volunn s of wati'r \a[)or. It is an 

iiitc'Vi'sting tact that tlu'se simph' la'lations c'xist between 
tin' volnmes of tin' combining gas«‘s and tin' volume of 
tin' product. Vi e shall sei' that similar ri'lations hold 
good in tlnx case of otln'T gasi's ; and the following geii- 
nral statement is based upon a great ih'al of careful 
study : 




54 


IXOJUIAMG ClIEMli^TH Y. 


When fu'o or more (jitscnusf^uhsttrnee^coiiihuietofornia 
(jemeems eomponod^ ihe rofnmes of the ni(liii(lniil consfitumts 
as ot]! as (heir sum hear a simple relation to the volume of 
the eomponmt . 

This ishiiownas tlie Ian' of coiubiiiatiou ])j volume. 
As nill \)o s(MMi hutlier oil, it has a most importaut bear- 
ing npoji s()iiH‘ of tlie fiiiKlaiiieMtal idi^as liebl in regard 
to the (‘onstitntioii of matter. 

Ileat Evolved in the Union of Hydrogen and Oxygon. — To 
g('t as comphdo a kiionhalgr as ])ossibh‘ of tlie rt'actiou 
nhieh talons plae(‘ lietween iiydrogim and oxygen we have 
still ro di'termine the amount ot heat (‘volvc'd. ddie heat 
evolvi'd in Inirning a, gram of hydrogen ean be (hdei- 
mined, and from this avc' ean ealeulate tin* ]n*at of forma- 
tion of Avater which, aceoi'ding to wJiat was said on ])ag(i 
P)7, is flu* amount of ln‘at evolved by the com binatioi.' 
of !2 grams of hydrog(*n with 15.88 grams of oxygen. M'q 
are to d('t('rmin(' tin* value of .e in tin* (‘(|uation 

(K, Oj .e eah, 


Avhieh expiA'Ssi's in tlu'rmoeln'mieal laiiguagi* tin* fact that 
Avhen '2 grams of hydrogen combine with 15.88 grams of 
oxygen ./• calori{‘S of lu'at are (‘volve<l. 

Tlie d(‘t('rmiiiation is made by burning a known wi-iglit 
of hydrogx'ri in a vess(*l sui-rounded by water and ai-ranged 
in such a A\a\ that all the heat is abscu'beci b\' the wa.t(*r. 
J'jX] )(‘ i i nimit has shown that when 1 gram of h\(lrogen is 
burn(*d :M,1S(I c.-doiirs ar(* evol v(*d. ( )j-, 


1 ir. O' ,-al. 


as muci 


lieat as 


in ])ro])or- 


"N o otllel' substance 'ji\ e 
tion to the wciglit used. 

jTpplications ofilic Iloiit formod by tho Combination of 
HydroKen and OxyRon, T., burn In.lroRnni in (In' air is, 
’'"y Sn.pls Inalinr, l,nl In Inirn it in 

II li |iiiiis,i spi( nil a 1 1 | la ra I ns to iircvcnt tlie mixing 
tin' -asns bi'lor,' lin y n-arli (I,,' nml of (I,,, liiln' wlinlc 

Tin' n.n/h, a, Wmr-n/nn 

■■iH,-"vnrstlnsp„r,,os,'. Tl, is may bn nonstru.-tml in snv- 
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oral AVJiys, but tlio siiiiplost is tliat Topro'seiiicul in Fig. 

It fojjsists of ;i tub(^ tlirougli wliicli ;i siiuillor tube ])a.sses. 
'J1i0 liy<lrog(‘Ji is adiiiittod tlnougli a and tlio oxygen 
tlirong]i h. It will be seam tliat tln^y eonie togetlnu’ oid\' 
at t]i<‘ (Mid of tln^ tiib(‘. d'lie liydrogen is lirst ])a,ss(Ml 
tlnougli and liglibal ; tlnm tln^ oxygen is passed tlirougli 
slowly, tli(‘ jnaessure Ixung iii(M‘(‘as(‘d until tb(‘ flame ap- 
j)('ais thin and straight. It giv(‘S very Jilihi light but is 
iiitiMisely liot. Iron Avin^, si(‘el, co})per, zine, and other 



iiK'tals bum in th(> llainr Avith <‘ase. Flatinuin vessels 
are iuad(‘ ))y imhtiiig th(‘ [hatinmn by imaans of the oxv- 
hydrogeii llanie. 

Oxyhydrogen Light.-- W'lnm tlu^ oxyhydj'ogcm ilaine is 
a11(>w(Ml to |»lay upon sonu' substance a\ Inch it cannot 
UH'lt or burn, th(‘ substance bcmonu'S Inaati'd so high that 
it gi\('s ott an intcMisi' light. ln‘ substanc(‘ coniinonlA" 
us(‘d tor this ]uirpos(‘ is (piicklinu'. Himce the liglit is 
ott(Mi calh'd th(‘ liim'-light. It is also knoAvii as the 
1 > I'll III imuid light. 

I he hydrogiMi is first all.oAvml to ])ass through the sto])- 
eock, and lighted, Avlnm tlu' oxygcm is admitted. The 
tlami' ])lavs against tin" pima' of linn", and from this tlu‘ 
light is giv(m otV Avhen it has acquirtal a high teni])era- 
turi". (a)al-gas may b(‘ used instmid of hydrogen, and it 
IS g(Mi(M;ally usml. Cylinders of conquamstMl coal-gas ami 
of oxygnm can be; bought, and tlu" gas(‘s so })r("])art‘d are 
us(m 1 lor th(‘. ])urpose of ])rojecting ])ictur('s upon sciwms 
in illustrating haduriAS and for other similar purpos(‘s. 

Velocity of Combination of a Mixture of Hydrogen and 
Oxygon. — When a mixture of hydrogen and oxygen ex- 
ph)d(\s, the action appears to take place instantaneously 
tliroughout the mass. AVlietlier this is really so or not 
can be determined only by experiment. 11n" actiiAii cor- 
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taiiily lakes plnee witk rapid itv, .‘nul a special 

;inn;iratiis is iKS'^'ssarv in order to study tlie rate of 
transmission. Tl.is sul.jnct Ims Imeii studied by ex- 
])]()<liny t1ie mixture in lon|^^ tulu's arran.^ial witli little 
im)v;il)](‘ i.istoiis at various distanct's. \^ hen tlie eX[)lo- 
sioii Inacimd llmse points tln^ fact was indicated hy 
motion of tlu‘ [)istons. ddie iX'SuK showml tliat tlie 
aetioii is not iiistantaiu'ous tliout^li (‘xtnunid^^ rapid, ilie 
rate of transmission is about ‘JaOO nietr(‘S pt'r si'cond. 

Suniniary. — In our study of tlie aetion of ]i\dioo(m oii 
oxygen, we liavi^. Inarnml : (1) tlie relations b(‘tween the 
Mciylits of tin' two o'ases which act ii[)on ('ach otlu'r ; (2) 
till' ri'lations bidwei'ii the volunn'S of the combining 
yases ; [y] tin' relations ln'twi'i'ii the volunii'S of the com- 
bining^ OMSK'S and that of tin' wat('r \a[)or formeil ; (4) the 
amount of heat ('volxaal wln'ii a. ui'nii wi'i^ht of hydro<.^eu 
combiiK's with oxvyen ; and (dj that tin' act of combina- 
tion of tin' two yasi's doi's not take place instantani'ously 
though with yri'at ra[)idity. It ri'inains for us to study 
niorc' carefully the product formed. This is water. 



CHAPTER V. 


\VA'i'i:ii. 

Historical. — was loii^ roiisidiR-cd an elementary 
substance until, towards tim laid of tim last (‘(‘iiturv, tlu^ 
disrovi'i’y of liy dromon and ow^oji, and of tin* natuii' of 
{•oinlMistiivn, 1 (m 1 to tin* discovery of its (composition. 

OccMirrencc.- — la'sidcs tin* lorm in wliicli wat(*r occiii’s 
ill siK'li (‘iioi’inons (|iiantili<*s in tin* (*ai'tli, it also occurs 
in forms and conditions wliicli pr(*V(‘nt its imnn'diate 
i‘vcoi;iiition. ddnis all living things contain a lar^c* })i‘o- 
poi'tioii of wat«‘i‘, w)d(*d can l)c driv(*u oil* by lieat. If a 
]>i('C(^ of wood or of nu'at is licatcd, liijuids y>ass ott, and 
1>\ jmritication tin'si* can be show n to consist main] of 
wat(*r. Tin* ])roj)ortion of wal**r in animal and vce(*tablo 
suhstniiccs is ni'Iw ;j;r('al. If the bndv of a man A\td,ehine 
b)l) , Hniiids wi'iJ* to b<' ])nt in an o\»*n and thoroiiRlilv 
dri(*d, tln'i'e would be (mly about 10 |)onndsof solid mat- 
ter left, most of tin* ri'st ln'in^ wat(*i*. 

\\ ater also occurs in anotln*!* form in whicdi it dot's not 
(*aslly rt'N t'al its |)r(*st'nc<‘. 'Fids is as irafrr of v njsf all izn- 
fioii. Many cheinical coni|»onnds found in nature and 
iininufact urt'd are fouinl to ii;iv(* off wat(*r wln*n ln*atetl. 
It, loi’ t'xanijile, tin*, zinc suljthatt* fornn*d in tin* pre])- 
;ii'di(tu of hydro^t'U from ziin*. and sul[)huric aciil is 
drii'd by ('xposuro to the ail* or l>y pressing' Ix'twet'U lav- 
(ss of ]ilt(*r-paper, it will be found that, w ln*n ln*att'd in 
■> diy tnb(', it j_:;iv(‘s olV wati'r, ainl at tin* sann* time 
<‘ii;uim's its appt'aranct*. d'he sann* is trin* of ])sTini 
w liich is found in natuny and of (*o[)per sul})hate or blue 
Aitriol. Jii this last cas(* tin' loss of Avater is accompanied 
by a loss of color. Aftt'r all the water is driven olV, the 
t)ow(ler left behind is white. 

iMany compounds when de])osited from solutions in 
water in the hu’m of crystals combine with detinite (puin- 
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tiiir^ of \\;iit'i. 'I'/ii'< w.itci' is lio^ /y/V'SC/l/ //.S SlK'fl, hn( 

li('hl ill {‘lu'inic:i] conilnii;ili<>ii. IJc'IKM' Hih sil l)sf;ni(*(' (|()(‘s 
7Joj ;ij>iio;ir inoisi, il ri!;iv iiion' fliMji Jj;ilj' 

i(s unyhf uf u.il.'r. 'I’liis water ..f ('rvsta lli/aijou j,, 

S(>1]],' H.IV ullicli is i;o( Iiihlcrsl 1 , i>sscMfi;il (ij till, f, 

<'f lltr c-ns/,-,1^. If if is ,1^1,.,, o(i; (I,,, ..nsliils -viii.nillv 

cMinililc |iir,-(‘s. Some coiiiiMniiids r(.i,il,ii|,. nKj, ,|jf' 

eivMiipiaiilitirs of „„,|,,r ,|iir,.,,,„| .•nvin„st,.,„,,.s 

til,' '"nil ot till' ,•|■vsl;,|s varviii- ui(|, f|„. ,j„a,|fifv „f 

\\a((a jii cojiilniial ioii. 

Com, ,o, mils ,liir„.. o,,,...,,lv as ivoar.ls f|„. ,.|.s,. .if,, 
'Cilrh tlii'v tin,. wa(,.,' of iTvsIalli/aiio,,. fi, ..viioral 
1 is^-lvcu nli „|„.„ tlio .•o„i|,oiiM,| I'oiilainino, i, is"]!, .at!.,! 

Hat soil,,, I.;:;,; 

-'I'l-' ■sia„i„.cssai,,.i,i;.i, ..o,!: 

.^misa unaiKUvol uaf,., of ,.|,vs(alliza(io„ n',„„s,.„|,„i 1 ,\ 
tlK' tnniml;, S( ) loll ( ) Tf • . (• n 

I ■ , ' ^ a ijiarlvnJ 

; '-‘o'; -■ours,, of a„ 1 , 0 , 1 ,. ,„o T 

;:;:::;:to 

If "I'll sl,o«„ i,v th, ' ' "‘'"'i' 

('.•■Cl,. This s,. I ‘ti'L " 

‘'■"•lino wai,.,. ami l,ol,li„'? if i'',''’'''' 

l’"'<-.'sar„ ,.v|,os,.,| l„ ,, ■ / '•‘■"■I'Hialio,,. |f iV.,i 

""'"’i' a moist api,,.-,', '"'*'<'"'1 Hiat tl„o 

^-*l'-tfi'no,.,d, ll"•van.allowo,|,;. 

aliSoil)i.,l fiom th,. .|i|. J 7," '* **"' "liich is 

tim ai,. a,.,. sai,| f ' ij '/y 'vafor 

'’'■■T'- '-l>on 0x1' f ^ 

(«o «as,.s, xvo .shmilil’ finst s'nloV 

J < ^ it to jiiijiJyHi.s. For 
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this \V(' should Jinvi^ to hriii}j^ it uiKh'V tho infiu- 

,‘ii('r of .‘i niifiilxu’ of r<wii;'rnfs ;in(l study its condiud. If 
\\(' should ]);iss ;iii (dt'(‘tri(‘ rurriuit tlironp^li it in tlu' 

\v;iv, slioiiid <)})S(*r\'(‘ that a- i4;a.s rises fi'ojii eaeli 
r)V |)la(‘iii^' raicli midei' the iiioidh of an iii\(‘)t('(l 

(uIk' fdh'd witli ^vat^M■ the L;a,s<‘s ar(‘ (‘asil\’ eoilc'c'ted. 
\\ la'll one of th(' tidx'S lias Ix'eona' full of ^i^as tia' ollii'i 
one will ha only half full. An e\aiiiiiiati< >11 will show 
(liat th(' yas in tIa' tnhi' w hich is Idled is h \ <lr();_^i‘n, 
w la'i cas ■ I hat in tia' one w hich is half tilled isowy^cii. 
Id < Icconi I )osil ion of watci- h\ means of tia* I'li'ctric cui- 
rciit, tla'ii, tla'ii' ai‘(' ohiaiia'd I w < > vnln na's of hydi'o^en 
forcai'li volniiK' of o\y;L;cn. \\<' already know the rela- 
livc W('iy'hts of etjual volumes of the t wo uasi's, so t hat 
\\ e call t'asily calciilati' the relativi' weieldsof tin' yases 
oldaiiK'd in the I'X | leri nieiit. d’lie ratio of tla^ weiylits 
ef ('(|iial \(>lnna's <d hydroei'ii and oxyecn is lild.SS. 

I heo'tori', il wi* ha\ (' ti volumes o| h \ < 1 ro^a'ii coinhiia'd 
wifli I volniiK' of oxyyi'ii, tin' ratio hi>| w e('n t la' weielit^i 
is ‘J : lo.SS or 1; 7.01. .Mthoiieh we know from tlieex- 
|)(’riiiicnt ri'h'ia'i'd lo that hydro^i'n and ox\y<'n are oh- 
laiiied from w ater in cei lain |)roj>orl i(ms, it dta*s not fol- 
low tliat this is tin' eoni position of water. J'Or it ma\ he 
dial otla'r ('h'liii'iits besides h\<lroee|, oxxo»»ii ^ri' 

‘■oiifained in it, and it may Im' also that all tia' Indroyi'ti 
and oxyyi'ii ari' not ^^<'t free l)\ the action of the ('h'ctric 
niiia'eiit. \\ (' iniyht ih'termine wla'ther eitla'r of these 
possihditii's IS true oi’ not h\ d('coni)»osinn,' a weie||,>,] 
<|iiantity ot wat('r, and weiehiiiy; tia' iiN<lroe('n and oxvyt'U 
"htaiiK'd from it. If w(' should find that the sum of the 
\\eiylitsol hyd roei'ii a lid oxyei'u is t'(jual to tia' wa'iekt 
et till' water (h'coinpost'd, this fact wonhl he ('xiih'iiee 
that only hv<lr(»e('n and ox\y;<'n ait' contained in wat(‘r, 

■ ind that thi'y ari' ])r('sent in thi' pi'oportions stati'il, 

I In' Sana' thine can lax satistai'torily ])r()ved h\ causine 
h\droe('n and oxyecni to eomhiiu', oi’ hy ('iVei'tine the vz/a- 
d/c.s7.v o) water. How' this m;iy lie done hasali’eadv heen 
pointed out. It wais shown, in the lirst plane, tiiat by 
huniine hydro^n^ii in oxvy;en wnter is formed. Tliis 
I'lovos that water consists of hydrogen and oxygon, but 
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GO 


ii (loi's not fiiniiNli [U’ool .‘IS to tli(‘ I’olatioii l)otA\\‘(Mi 

liir (Hi;iiif il ios of 111!' -nsi'S wliicli coinhiiM'. It is a. y/a///- 
hif i rr S'// /// lt(s/s, ()|li(‘r iiictliods wt'i'o dc'sclilx'd, till' oh- 
j(M t of w liii'li was l(» show in w hat j »roj )ort ion hy Wivii^ld 
;nid l)\ \oliiino h\ di-o,L;(‘n and o\\,i;*'ii coindiin' to loiaii 
wa(«'i‘. 'riiost' nu'tlnxis at(' rxamjOcs of (/ ft/iiif i/af ire s//n- 
/Ii/sfs, 'I he icsidls proM'd that t*' hnan watto’ liNdrop^rii 
;ind o\\L;('n condhiir in tin* | »i‘< •[ >orl ion ot I volnnn' of 
o\\i;(‘n(o ‘2 of h\drop(‘n; and it t h<n‘<‘foi(‘ follows that 
the (h'coni |)ositioii of watcO' whirh is (dliadiMl hy tlir (dta*- 
trir ciirrmt is coinphdia 

Propci'tios of Water. Ihirc' watoi’ is tastoli'ss and in- 
odoi'ons, and in small ( | na n t it i<‘S nolorhxss, Thick 
la\('rs ai'(\ howcV(‘r, hliic. This is sc(‘n 1)\' tilliiij^ a 

lon;^’ tnh(' with carcfnily piiiificd watcj-, and oxaniinin;^- it 
l»y t l ansndthMl liylit, w Inm it apjx'ars hlin*. Soipc 

mountain lakes also lia\c a niai-ked Idiir colo]'. \\ Inm 

coohal, water colli racts lint il it icacln's the tcni jicrat me 
ot I '. At (his point it h.is its niaxiniiini density. If 

cook'd Ix'low this il expands, and tin' spi'cilic era\itN' of 
ic(‘ is somewhat le>vs than that of wall')'. Ili'iice ice 

tloats on wale)-. If this weie not so tlii'ie would l»r 
yiT'at daii-'er in cold climat-^ tha; the water in llm 
sti'eams would fre.-/c solid. As it is, the lower laNcr^ 

of water are pia.tected h\ 111.' ieo aild tile cold Watel' 
jimt hdow it, w hich aO' poei coi,d neP ,rs of heat. W’at^'f 
nan Im' cooled ihovn hejow iu free/iny tem perat n re, or 
** ’ ivept, P<ntecll_\ Ipliet, protected tl'oin the ai)', Ol' 

i" napiltary tiii.es. Wat. i' thus cooled down will 
smhh'nl\ solidify when d i-^t n I'hed, and thi'ii its tempera 
' isotod . \\ .,ter l.oiU;,t lOI) nude)' Tf.l) iiiin. pre.- 

Increased pies^iir.- raises the I loi I i ny p oi ii I , a i a I 

deci'i 'a sei 1 pia -ssii i e h i w i i s it. 


Chcmmal Pi-oportios of Water. Wafer is a yi'i'y stahN 
'''"'"'''■■'I All ill,li, ;,ti,,|, II,,. ||H|.,|,.'|i 

<0-.l In III,. I,,,. ,|„. 

^ I ( .1 1 I ,| lit i, 111 , i| II,.,, I u |ii.|| t III . I « 1 1 (•( nil I liii,.. 1 1, , i|.( |i I 
'‘"'•■'•'•miMis,. il In In. Ml, MS iiiiu-l, IilmI miiisI I„. ii,|,|,.,| ,n 
'-polv..,| win.,, it is r, I. AI; l,i.|, t, .aHuvs 11 
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hoj^iiis ;it 1000'^ mid is liidf conijilefi? Jit ‘2r>(K)°. Tliis 
kind of <_(i‘;id mil d('i*< jinposition ol ;i ('oin | m iiiiid l)y liOJit 
is cnlU'd R lssnri((f i(»K Jt is ;i t'oiinnoii jilimioinniinii in 
,'li(miistr\ , Jind f.ut ii<‘r wr sluill Inivi* occjision to study 
it moll' As Inis brmi smui, is di'coni [losnd 

roni]d('t(d N' liv Jin (dmdiic cnrrcMit, jind juirtly liy c'onfjict 
w ith sodium jind ])ot;issinm ;il ordinjii \' t<‘in|)('i jitn rms, 
;iiid 1>\' ircii Jind cjiidioii jit lii^lmr (i‘ni|M‘)';il ii ms. It 
coiiiliiims dii’i'idlv with u l;ii‘^(‘ nnmlM'rot siilistjumi's in 
lli(‘ form of w jitor of crx si.dli/jil ion, jiml w itli otimrs to 
form (h'liniti' rlnunicjil t‘oni[>onnds rjillml liydrjifi's or 
h \ (I I'oxidi'S. 1’liiis tlm oxidrs of (lotnssiii m, K J ), jind of 
sodium, Nm.O, mnnliiim willi wjitnr with ovolution of 
much hi'Jit to foiuii tlm com])ounds jiotnssium liydroxiih^, 
K( ) 1 1, Jind sodium h\-dro\idn, Nji( >11, whiidi, it w ill 1)»‘ i'('- 
nu'inhci'iMl, Jim jilso fornmd hy th(‘ ji cl ion of I lu^ (dmmuits 
jMitjissiiim Jind scMliiim on wjitiu* with lihiux-ition of hydro- 
<■(‘ 11 . rim r('jict ions lictwisui tlm (►xiih'S jiml wjitiU’ jim 
j’('|)ri‘S('nt(‘d l>v I Im cij mil ions 

K() i H() ‘dKOIl; 

XjiJ) : n o 2 NjiOI1. 

Siinil;ii'l\ , linm or calcium oxi( hn ( 'ji( ), jicts ujion waiter 
\\ it li ('M d ul ion of lu'al.jis is<d»s(r\cd in tin' process of 
slaking, ddif cliJiiea’<‘ ‘ like that which tjikrs plaiM' A\itli 
[totassiiim jiiid sodium (»xides; jiiid is r('pres('nti'd thus: 

(kiO ; li t) OjiOJI h*r ( jkOH )J. 

d'li.' product ri'presoiitrd 1>\ tin' s\ inlxd CjuOll'.. is 
known jis cjilcinm h\dro\i(h' or sljiked linm. In the 
same wjiv luirium oxide, Ikat), forms luirium livdioxidi* : 

IhiO j 11,^0 lki(),.ll., I or IknOllid. 

^^<‘shJlll nu'i't with nuiin^ (^‘xjimples of this kind of 
Jiction in oui' study of elnunicjil rejietions, jind we sluill 
SCI' tlijit tin} hydroxidi's fojun two of tlm most importjuit* 
eljissi's of i'(un[)oiin(ls, known jis im/V/.v junl h(ts<‘s. The 
hydroxides of potjissimn, sodium, ejileium, jind biirium 
UK', for exjiniple, bjises ; while cerbiin hydroxides con- 
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tainiiii;' siiljiliur, iiitiout'ii, and ('arlxm ai‘(‘ acids,- siudi as 
sidpliiuic acid SO, 'Oil)., nitric' acid XO,(()ll), and car- 
l)()ind' acid, ( d )( ( ) 1 1 ),. It is ind ])rli('\('d that watcn; as 
sii(di is rniitanKal in tlicst* li \ d !'( )\ idc's. Xd‘\'(‘rtli(dcss, 
A\]i('ii li(‘at(‘d niaiiv of lliciu i^ivc' off \\at('r, dims, wlnai 
liralfd to a red liiaat, calciiiin livdroviih' is dc'coniposca I 
into tli<‘ oxide and water according tf> the (apiation 

(a OH), (*aO i HO. 


Man\ suhstanct's w hn-h e(nitain h vdroo(>)i and o\^■p(nl 
act in tin' same wav. 'This is due to tin' ;_;i-eat sta- 
hilitx' of watf'r e\ ('ll at ('l('vat('d ti'iii [x'rat ii iX's. As the 
t(‘ni])('ratn)'e l)eeonn's higher and hiulier tin' attraction 
h('tw('('ii (In' const it limits ..f (he ci nn | »oii in 1 Ix'coiiies 
W('ak(')' and wa'aki'r. W In'ii a point is ri'acdied at w hich 
tilt' attracdioii of the hvdroorii for (In' o\\oeii is ^rt'att'r 
than that jt'tpiirt'd to hold tin' (‘oiistitiients to^i't ht'r, a 
I'earra nn'enieiit takes j.laee, ainl eoiiipoiinds which aiv 
stahit' at (In' higher (einp('i-at ni t' art* fornn'd. 

Water as a Solvent. With a _nreat nian\ sid istaiice- 
watt'r forms nnsf.ahlt' com | ». »n lit Is, (In' natiiit' of whieli 
‘‘■•"""d at ]. res, nit h.- explaiiie.l. 'Idles,' iinstahh' coiii- 
p"iindsare ca 1 It'd .o//////o//.s. |( is known that nianv solids, 

litpiids, and -asos when hroiinlit into watt'r disappt'ai 
aii.l form e,tlt,rl, .ss litpii.Is w hitdi lotdv likt' watt-r. Son,,. 
^;ive colt.retl litpiitls ,,f the same e, dor as the SllhstailCf 
dissnlvtd, and others ^i,,. 

d'ldc dlfft'ifiit fr.tin tlie snhstaliee disso|\,.d. On tin 
I*"''- «•"•<* inaiiv snhst.aiict's which do not 
hnin sneh coni p. ,11 m Is with water (*r which, as we sa v . 

‘Y'' In a sointion the partich's t',f 

J '''"^"Ivetl are in soiiit' wav attratd.'d and 

ineon.hination hv tin- partielesof (h.' li.piitl. If a 
'-•y small tpiantitv t,! s.ihstance he dissttlved in a, laim' 
(piaiitit N ol water and the sedation 1 horoiip!)] v stiri tn I, 
J<Missolved snhstaliee is nnifornd v dist rihiitt'd't h roim h 
I'm l»y relined eheinical and 

nu muhou. 

l3< -Salls,usaor.xu.,,pl,,ru,.hsm. A.Iro,, ,.f a e.^ucen- 



WATER AS A SOLVENT. 


ti atod solution of the sul)st;iiu*e brou^lit into many ^uillons 
oi w atei- imparts a (listim-t to all i)ai ts of tlm lit[iii(l. 

An rxperimmit of tliis kind giv(‘s soim* id(‘.L of the 
extcmt to whieh tlni division of mattcu* ean Ix^ carried. 
For it is evident tliat in (sach droj) of th(‘ dilute solution 
th(U'e must lx* c()ntain(‘d s<)me of tin* (‘ol())'iiijjj malt(*J' 
tlioii<;li the (tuantity must lx* xvhat wx* should ordinarilv 
s])eak of as intinit(‘sinial. W hile th(‘ic s(‘(‘nis to lx* jik) 
limit to tin* (*xtenl to which asolution can lx*. dilut(*d and 
still ri'tain tin* dissolv'd suhstance uniforinl v distrihuted 
tlij-ono-h its inass, then*, is a limit to tin* amount of every 
suhstaiic(* that can lx* hroii^dit into solution, and this 
\aii(*s with tin* t(*m])(*raturc, and, in tlie case of ^ms«*s, 
with tin* ])ressui‘(*. Some snl>stanc<'s are (‘asilv soluhh*, 
<>th('is ar(* dilti(*nltly s<>lul)l(‘. A\ In'ii the solutn)ns are 
Ixiih'd tlx* wat(*r sinii»ly ])asses olV and leay(*s the dis- 
solvrd snl)stanc(* lM*hiinl, if it is a noii-yolatil(‘ solid. 
If, liow('\(*f, tin* snl)stancc' in solution is a liipiid, a par- 
(i;d S('paration will talo* place, tin* cxtejit of tin* sr*])ara- 
tion (Icjx-ndino- largely upon tin* diircivncr* l)etw(*(*n the 
h( iliii< 4 ;_j>(>ii|^^ of tin* A\at«'r and tin* otln*i' licpiid, A coin- 
plclc s(*paialion of two li.pdds hy lx.iliuo- is diflicult and 
111 most eases i in possi 1 dc*. If, liiially, tin* snhstanci* in 
solution is a i^as, it nx'iteially pass<‘S off when thesolntioii 
is In utcd, tlion^;li in sonn* cas»‘s watc'r is ^iven off h'ax inu- 
tile -;is ill solution, whi(di of eoui’so tin'll lx*e(.iin's nioiv 
'■'"‘''•'iitiated. When a certuin conci'iit rat i( ui is ivaidied a, 
^oliilio.i of the yms passes. »V(T. It is pr. dxil de t lial ill tli.'se 
.is( s ill.' is 111 ;i eon.] it i( )ii of (dn'iiiieul conihination 

'^ith III.' wul.'r. Solutions, in -vin'ral, s.'.*ni to difV.'r fr.ini 
‘’h'‘niieal comp. muds in s.>nn' iiiij.ortant part i.-ula is, 
Iroiii 111. 'I'.' ni.'.'hani.-al mixfur.'s. I )('rniit('n.'ss 
"* <'''nip(.sition app.'ars to h.* <dia ract.'idst ic . d’ .-iH'inical 
'■'’"‘h<;'"nls, or, ;it l.*ast, it is .dia ract.'i'ist i.* .>f a lar-.* imm- 
<-'niipounds whi.'h w.* .*all ch.'ini.'al conipoun.ls. 
’lit solutions hav.* no. 1. 'Unit. * coni posit i.)n. W.* e.in .lis- 

pnantity ot a suhstain-.* fr.un the niinut.'st jiar- 
h> ;l c'.'itain t]x(*d cpiantity, and tin* s.dutions fornn*d 
' nnitoiin jimj to lx* just as truly solutions as 

"hich contains tin* larp^«*st <[uantity xvliich can bo 
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Solution as an Aid to Chemical Aclioii. A\ lien it is 
(lo^irt^d to sociirc l.lic clmmica I a ct ion of i >ih‘ sol i( I sii I > 
stance upon another, it is orm'rallv necessary to liia'np 
tliein ton(‘llicr in soinlion. (hie reason wliy tlu'y do 
not ;ici I’l'adily wlieii mixed in tin' solid condition is to 
1)0 found in tin' fatd that, undi'r tln'se ci rcu in staiicirs, 
tlnur juirtich's ri'inain S('|iai'at<'d l»y smisiMe distaiici's, 
no luatter liow iineU' tiie inixtnix' may la* pow di'j'ed. 

If, liowever, tin* snlistances ari' <lissol\<'d, and tin 
solutions poured to^r'tlier, the particles of the liipdd 
niov(' so fr('(dy anioii^' oin' another that tln'y come 
in intimati' <*oiitacf, thus faeilitatino (dn'inical action. 

in >1 act upcm oiu' anotlu'f at 


Many snhstain 
tdl win'll lironi. 
xvheii brought topn-tln'r in 
this is due priiK'ipalh' to tl 
into by the act i< »n of 

fret' are capable of actiny 

b. 


whi.'h <h 

together in dr\ condition act readib 


bilioii. It is beli(‘Ved that 
>pl i 1 1 i lip of the com p( )U mb 
r. 'These ions lie in..', 
her ions \\hi(di nia\ 


tlif \\a 
upon 

bfoiipht into the sanii' S"lniion. 'This idea will bi 
developed tartlnn- on in other conneetions. Allhoimi! 
it IS hiphiv ]n-oba])h', then, wh.-n a reaction take- 

])lace in a watt-r solution the watf-r itself pla\sa\er\ 
important part, the, rcctio,, is pe„erally r.'pia'sented 
by an (‘paati<.n in uhieh the water does not appear. ( >1 
course, such an equation is i m jM-rfoc-t, but i t a ns \c rs ee i 
triin purpos.e. ,pnl,e sati.factoril v, and maybe used with- 
out danper of c<.ufusinn. 'Thus, when Jivdrocldoric aeid 
nets upon /anc, hydrop.,. is lil.erated and zinc cldorid- 
formed. \\hat we eall l.yd rocldoric acid in dm la,b-,- 
ratoryis thelnpiid which is formed by dm absorption of 
bydroch onc acid pas, H(d, by water; When this lb, n id 
IS used, liowever, the chemical act wliieli makes itself 



NATUUAL WATERS. 


l|tiown to us is that Avhicli j^ivos liydrogen gas aiul zinc 
johlorido ill soluiioii. A|)])ar(‘iitly this loac.tiou is iiide- 
^pendoiit of the \v:itvr, ninl it iiuiy be ro])i'('sente(] thus : 

Zii y- 21101 ^ ZnCl, + 2H. 

S(}ni(^tiiiio.^ snc/i ny/rfioi/s u ;is fo/Zous jn onZor 

to i^xpross tlii^ Jnot th:i( \\ nt('r Is j)n^s(Oit, tlKmi^h, :is w ill 
ho ohsin-Vi'd, no nttonipt is niude to toil what j>urt the 
wator jila ys : 

/ii I- 2H(d + A(i Znd, - 211 + A(} ; or 

Zii ( 2H(J1 + 11/) Zii(d.^ -f 211 + iid). 

TlirH' is HO ol>j(H‘ti()ii io this, (M*rtaiuly, liiit it is quos- 
ti(>iial)l(‘ wlH'tluH', (*< HisidcHiiiH,' tli(‘ I ) iii'j X )St‘s for ^\■lli(*ll 
rliotnii'al ('(juatioiis ar(‘ us(‘d, (his iiicrrasrs (heir valiaa 
^ Natural Waters.— All waliu' found in uatun* is inort^ or 
less iiiqmiH' or, in other words, contains something in so- 
Inlion. Fn tln^, tirst })lace, wat^ns which arc' (‘\])os(‘d to 
the nir dissolve* some* of tin* gas<‘s of whiedi tin* air is 
coiii|)os(*d, as oxyge'ii, iiitroge'ii, and carbon dioxide*. 
Again, natural wate'i’s lU'ce'ssariK' are* in cajiitact with 
tiu' e'arth, tln'v always dissolvt' some of fht* earthy 
substance's; and, linally, many wate'rs cemie* in ce)iitact 
with aiiiimd ami ve'ge'tabh* sidestaiice's ami elissohe' some*- 
tliiiig ti-om those*, d'lh* water w hiedi is i*arrie'd up as 
"^apni iruiii the snrtae'e‘s e)f natural Ixxlies of water js 
appi’oxiiiiale'ly pure*. W he*n (his is ]»re*e-ipitate‘d as rain it 
<hssol\(*s e‘(*i tain substaiie'os trom the* air, and the* tirst rain 
that tails eluiang a ste)ini is alwa\s moix* or h*ss contami- 
i>'‘it(*eL In a short time*, lH)We*\e‘r, the air b('come*s washed 
•'*i>d the* 1‘ain which tails t he'i’e'a ft e*!' is apjeroximate*! v pure 
^1 h |■e‘maills in contae*t with insolubh* rocks, as, 
h'l' »*\amph*, «piart/it(' oi* sanelstom*, it re*maiiis pure*, and 
Jnomitain-stre*ams whiedi How ove*r s.iiieistone* be*ds are',*iu 
b^<'n(*ral, the* j)ure‘st. W ate*r a\ hich Hows e>\e*r bnie'stoiie^ 
<lissolv('s seeine of this ami be'come's “ harel.” A similar 
‘•haiigu is breuight about -in waiter by contact wiili gv])- 
^>1111 and magnesium sulphate. A'ho ceuielitieen of h;irel- 
^K'ss will be tak(*n up imire fully uiid(*r calcium and 
''>-igne‘sium compounds. The many varieties of mineral 
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springs li;ivn tlinir origin in the presonco in tlie eartli of 
cnrtiiin snhsf ;i!ic(\s Avlii(‘)i are soliiMc^ in water. Among 
tliose most fnMjmmtly met with in solution in mitnniJ 
watms aje earhonic acid, sodium earhonahs sodium sul- 
pljat(' or (danlMM-’s salt, sodium eliloride or eommon sjilt, 
tiia‘''m'sin m sidjdiati*, iron (*ai’l>oiiatt', and sulpliiirtdtiMl 
liv(lro"en. If'rrrcscr/t/ wators air those whicdi c-ontain 
a laige (piantitv of earhoiiie acid in solution and give; 
ofl eai'lam di<)\idr‘ gas \\ lam exposed to tli(‘ air, (Jl/al i/h- 
rote waten-s ars' those which eoiitain soiiu' eompoiind of 
iron in solution; si/Jplo/r watrrs contain tln^ gas, sul])hu- 
retti'd hvdrogeii. (’oninion salt occurs in larg(‘ (piantitic's 
in dillV'i'ent ])ai‘ts of tin' (‘arth. As it is (sasily soliil)h‘ in 
water, maiivsti’eams contain it ; and as most stnaams iiml 
their wa\ to tin' ocean, we si'c one I’laason why tin* watm* 
of the oci'an should 1 h‘ salt. 

As streams approach the hahitation of man tln'v are 
,sul)j(‘cf(Ml to a s»‘ri<ms caiisi* of contamination. ^J'ln^ 
di'ainagf' from tln^ neighhorhood of human d\\ellings is 
very apt to lind its way into a inaar stream, d'ln' siih- 
stances thus cariied into tin' stream nmho'go ilecompo- 
sitioii ami gi\«‘ rise to tin* formation of larger or smaller 
(pia.ntitii ‘S o[ mev ]irodiiets some o| which lia\(‘ the poAscr 
to produce di>tiirl)am'(-s when taken into the s\steni, 
ami ot liei s to p)-o( I nc( ' d '1 h is <‘ond i t i( ni of thine-' 

IS m()sl strikingly ill ii>l i;i n d 1)\' the c.iso (it ;i Large town 
^itiial( <l on the hank.-' of a river. It fimpnaitlN happeim 
that tlit‘ wat(‘)' ot the ri\er i'^ ii.-a-d lor drinking purpose-', 
ami it also I l'(•(p|l iil 1 \ liappciix that the water is eontaiiii- 
nati'il h\ (iiaiiiage. hoci’ water when oiiee <•< mt a m i na I ( < 1 
h\ ilraiiiage fends to h.-,-oiie- pure aeain hv coiitaet w ilk 
a ! !■, t he cha nei‘ e( ai-'mt iiig laiecK in t In* .slow o\ id.i 


' -noi ire(pn ntL\ in 
■ h it 1 1 a S 1 1 o I 1 1 1 1 1 1 .' I O ( i 
ater sinii J 1, 


’ll nil<; harmless products, 
linking purposes, howa’ver, it 
I upon t his process of iinrilie. 
vears heen said about drinkii: 
'I li.a,', hccii (‘l-e.M ted, a nd w ate) 

I ‘ -'p' 'll;',! bh‘ ior sick ness w i 
I n '.ome places the \\ a r a ga i i 
*' rarii.-d so far that those, w 
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can jiirord it drink only {irtilicially 2)uriti(;d and distilled 
water. It is iindoal)t(;dly wtdl to be cautions, l)ut it 
is possible to Ixi too cautious. 

What Constitutes a Bad Drinking Water. — A good drink- 
ing wat('r should la^ free from odor and taste and should 
not c(nitain anything whieh can aet injui-iously iqxui the 
svstiun. Jt is, howeva*r, ditlieult to d(‘(dd(^ be (‘luuiiieal 
means wlndher the water contains anything injurious or 
not, as tluu'e may be a very minute (juantity of an ex- 
treiiH'ly iiijurious substanee, for exain])le a disfeise germ, 
])r(‘sent, and ehemi(*al analysis would be 2)ow(*rl(‘ss to de- 
t('( t it. On th(‘ otluM- hand, water which is very eonsid- 
eiably contaminatcMl by S(‘wag(‘ may b(‘ harnih'ss, and 
yi't th(‘ latt(U* might be jironoumaMl “ l)ad ” and the 
forimu’ “ good,” Th(‘ rule giuuu'ally ado])t('d by chemists 
in (hading with wat(M' is t(> pronoun(M‘ any wat(u- danger- 
ous wliieh is contamiFiated by scMvage. Sueh contamina- 
tion enii gmnu’ally be (h'teetf'd l)y analysis or b\- analysis 
and iiisjxH't ion (*f tin* source's. 

Purification of Water. Impuia* wat(U' may bi'come purer 
l)y n:itni-al iiu'tliods as has be(‘n stated, and it may T)0 
vrinh'ia'd lit toi* driid<ing ])iir|)( )S(‘s by hltoi'iiig tln’ou<»‘h 
siieli substaiKM'S as ehai’eoal, sand, sponge ii’on, (*te. A 
liltor, no niatt(‘r of what it may In* madi*, will not, ho\e- 
evor, roinain (‘llieioid for any h'ligth of time*, as the sub- 
staiiifs eontaiiK'd in tin* iiiijmia* watrr aia* rotaiiu'd be it 
and, att('i‘ a tiiin*, it ln‘eonn‘s a souret* of pollutnai in- 
at('ad (it a puiitier. l*’or retim'd woi’k in ehemistre ])ure 
watei- is ])i(*pari'd l)y distilling natural wati is. ddn^ 
])i‘(M'ess of (li^.t illation consists in boiling tin* wat»*r and 
• lion passing t lu* steam through a t u In* or s\ st«'ni of tul)i*s 
sun-oiiiidcl l,v cold wat(*]-. 11ius tin* st('ani is eon- 
deiisi'd, a ml t In* distilh'd wat(*i’ is appro\imat('l\ jniK*. ( )f 
eonrsc, i( is net'essai'y that fin* tuln's in \\ Ideh tin* con-- 
<l'‘nsation tak(‘S plae(' should be of sueh mati'iial that 
wah'r do(‘s not act upon it to any (*\t(*id. ddn* materials 
nsi'd ;ii(go]ass, block tin, and platinum. (’ln*ndeall\ jnin* 
^\af(‘r is a e(*ry j-aia* substam-e eet'ii in tin* Ix'st eln'iiiieal 
l.d)i))'ato]i('s. ddi(‘ slight impurities })i*('S(>nt in ordinare 
<listill(Ml wat(*i- ai'(* not, how('V(‘r, of s[n*eial importance 

nmh'L* ordiiiai’N' eii’eumstanees. 

• • 
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i.) /^ J/(R/C / //> 

J7aWy Views.- In tilings two vit^ws ire/'n hold to- 

^nriUno; file iiHiiuate coitsl it iiti( ni <>/ inntti'r. 7'iu* /i/sf 
M'icS, (hat niattra' is iiiliiiitel v divisihio — tliat there is jk, 
hinii to (ih‘ ju'oct'ss ot siihdix isioji ■ (hci Dther was, (iiat 
tlitu-c is .'i limit to the i|i\ isiliili! \ -- lliat wlicu cci taiii in- 
coiiwivahly small |.aiti,'lcs aiv ivadiml tlio |,in,-,.ss iiiiiM 
sto)).^ Tliesi' small partirics wmv callml mi'aiiiii" 

iililivisililc. As lull”- as tlic cimslifutinii df maltiM- \(as 

im'i'eh- a sulijcrt of illation, tlio atoms |■omaim■ll witli- 

<mt a pliysiral liasis ami wrio only nmtaplivsiral 
CRptnnis, Ihr lacts wliii-h coiim umlor our onlinarv oli- 

spvvation do not furnish any oM.lmir,- for or against ll,,- 
OTlstmir,! of atoms; and, tlnniyh «,• discuss th,. suldct 
indchnilcly, hltlc ,,r no progress can 1„. ma.Io without re- 
lied ohscryaltons on the juoj.ertiesof matter. Ko it was 
la unti t le heeiiiuineol Ihepri'sent eenturv the atomic 
]"••a.eallywhat it was when lirst pro- 
p sed, and as such it «;,s of uo value lo chemistry. 

Tho Atomic Theory as proposed by Dultoii. -U,, haic 

proporlions. 'Phis law. as 

The on, i l""l'-'■'i"^s, re.piired evplanatio,,. 

P.eslions to he answered are:, I, Whvdotheele- 
"’"'I’l"'- III definite propoitions'J , 

‘il''"mntseondum. I , W hy, wic „ 

do the rehifo . . co ' ' "■ " ' limn one wai, 

ill the different eascs'l ' " ''omhinatiei, 

t ases hear snnphmadationstoone another^ 

““ tlimn v that niall ’ ^ "'■‘'l'- 

m.ilter is inlinitely divisible, ties 

(IW) 
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‘l^pear to be inexplicable. It is only necessary to assume 
'.Hkbt cacli element is made np of pa,iticl(‘s whicli are not 
divisible in chemical pn)C(‘ss(*s, and tliat tlic'sci partieles, 
atoms, Ijave deiinihi AV(dj^dits. Hie atoms of aiiy one 
0 leimmt must ho supposed to luivo ilio snmo muphh 
vhHo tJio ntonis of diiVoiviit elonunits hnvo dUforont 
V’oiiiht:^. j\dnj irfjon clieniicnl coiuhln/ition tnkoH jdna?, 
Dnlton siij)p()S('il fJjo /irfkui ifv/s /udw(UOi tlio /ifoins. 

The simpJost cuso is that in which combination takes ])Iace 
jji such WHY that each atom of one element comlnues 
uitli one atom of anotli(‘r; l>ut, ])(\sides this kind of eom- 
biiadion, ^ve may liave that in wJiich om? atom of one ele- 
ment cond)ines witli two atoms of anutlier, or two of one 
may combine witli thna^ of aiiotlnn’, etc. Su]>pose two 
elements y/ and /f tin' wid^lds of whose atoms are to each 
otli(‘r as 1 : 10, are brought to^xdlim’, and th(\v ('oinbiiK' in 
tln^ simplest way, i.(\, om* atom of one with one atom of 
tlie otluM’, them it is ]>lain that in the com]>on7id yl />' the 
elements 'will l>(‘ conlaimul in tln^ jO’oportion of 1 ]>art of 
A to 10 parts of //, whetln/r a small or a lar^m quantity 
of tli(‘ compound is fornuMb and no matt( 0 - in what pro- 
])or(ions the olmiciits arc hi'oui^ht toi;(4h<'r. If thi^v 
should be br(m<_,dit to^dher in th(‘ proportion of their 
atomic W(hj^hts(l ;10), tlnm no part of (utluu* ('hmient will 
be left uncomhiiK'd afti'T th(‘ ac‘t of (.*( uubinat i( >11 has takmi 
]»lac(‘. If, howi'vm*, a lar^j^ei- ])i-o])< ution of (dth(‘r (htmumt 
is taken than that statial, tlnm th(‘ (piantity of the one 
which is in (‘xci'ss of this ]n‘o))ortion will be hht uiicom- 
biiicd. 'rjiis is in accoialaiii-c with w hat W(‘ know takes 
phic(‘, and it is aconclusion diawii from the theoi'v. No 
mat bn’ how' many atoms of W (‘ mav tak<% tlu^ same 
niimla'i' of atoms of // will be reipiiriMl to combine with 
all of tlnnn. Jhit (aich atom of />' wchelis 10 tinu'S as 
much as each atom of J, tlnn’id’ore the total mass of */> 
which mitm’s into combination must be 10 tiim's that of 
A with Avhich it combim‘s. It may be, howa^vtU’, that 
these sann» ehnnents can form other com])onnds with I'ach 
otinn’. If A and it re])resent the atoms of tlu' (dtnnents 
and we assume these atoms to be clunnically indivisible, 
then the other compounds must be represented Ipv such 
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sym])ols as J//,, Ajh AH,, AJ>, AJj\, otc., Avliicli repro- 
svni in wliicli 1 atom of .7 is combiiuul Avith 

2 jitoins of />* ; 2 of A with 1 of // ; I of A with »} of B ; 

3 of wilh 1 of /> ; 2 of A with .‘> of // ; ett*. : or tlio^ 
also o'pif'si'iit c'ompoumls in which 1 [)art by Avoiglit of 
^7 is (•()iii])in(‘(l with 20 j)arls ])y w(‘iohi of /> ; 2 parts of 
A with 10 of /> ; 1 of A with 30 of B \ 3 (»f .7 with 10 of 
7v; 2 of A with 30 of /> ; otc*. It is thc'rc'foro chair that, 
if th(‘ atomic thi^oiT as ])nt forward l)y ])altou is true, tin* 
olomonts mast c'ombim* acc'ordint;’ to the laws of dcdiiiitc* 
and mnlti[)le pro])oi tions ; and it appcaais tliat tlio tiouros 
which ro[)r(‘Sont the' condnnin;^* wcnolits of the' olcMiients 
must oithor boar to om' anotlnu; the' sann^ rc'lation as the 
wc'i}j;hts ot tin* atoms, o]\ at all c'Vc'nts, the* atomic wc'i^hts 
or the relative' \\oii_i,hts <>| tin* abuns must be* (*h)sc'lv re*- 
latc'd to th(^ combinini,^ wc'i^^lits, as will be* ])ointod out 
more (‘]c;irly ])r('S('nf I v. 

Use and Value of a Theory. - The' rc'lation of a tlicorv 
to facts is vt'i'y simjdc, bul is fr<*( j m‘ntl_\ misiindc'rstood. 
31n' I'i'lation may be coiivemic'iitly illusti'atcd b^' tin* case 
umh'r consideration. by a carefid in\ estimation of a 
iiuniherot chemical com|iounds it wasslnovn that in (*acli 
of them t lit' sa UK' elements a I ways oe(*u I'l't'd in tin* same 
proportion. 73iis led to tin- boli^.f that this is triu' of 
every cln'iiiieal conijtoiind, and after further in\t‘stimutioi! 
w liieli, as tar as it went, sin • wed t he surndse to bt* eorrt'cl, 
'^‘‘•'"ih- proportions was proposed. I'his la\'. 
is simply a stateniont of what has b,'t«n hminl true in al! 

'^'^•■‘'iiine.i. It involvt". no sp('eula t ion. It is a 
st.dmiieiit ot tact. It i,,a\ br said that the state'inent o'- 
'7" '‘ some doubt for the n'as,.i, that all 


n e of tin 
ha< hec 


H is tl'lle for t he 


' ll oxaiiiiiied, .and jt nias n 
niicxaniiiied cases. 'Pin' iX'p 
"ind true in a very hai-oe nni 
\\hieh ha\e been in vc'stioufe 

lie ot on r k m >w ledme, a m I th 
law. Amain, I urt hc'r in\('st 


of aio law. Amn i i. , f u rt I ic' r in V.'st 
7^ •'/^'7l'-^'‘>v. vofthe]awof multiple propo' 
„r wi,a( i,as 1 . 00 . 0 ,.., 


nases in vestim;ate(|. 


h(' law of dethii! 



ATOMIC WEiaUTS AND COMtUNlNU WEiUllT^^. Tl 

proportions and in tlie same sense, is a statement of fact. 
l)iit liavin^^ ^nnie tlins far, \v(‘ now ask, wJiat is tlie ex- 
planalioM of tln^se laws? AVo simply know tli(^ laets — 
what is tlie ('xplaiiation ? lly exjuninumt we eannot go 
Ixwond tli(‘Si‘ facts, hiit it is ])ossil)h‘ to imagiiu' a cause 
;iii(l tlaai |»roc('e(l to see wln*tli(‘r the imagined cause is 
siihicieiit to account for tln‘ facts. This is what Dalton 
(lid, ll(' imagiiK'd tliat madtcn* is made np of atoms of 
d('tiiiit«' weights, and that clamiical coml hnatioii takes 
gl;i( <‘ in simple' ways ladwcM'ii tln'se atoms. This imag- 
IikmI c:!I 1S(' is th(‘ o/e//o‘c (htnrtf. It is not a state'ine'iit of 
aiiylhiiig found by in ve'stigation. It is not a stateuiUMit 
of an ('stablislu'd fact. It may or may not be lite'rally 
tnif', l)ut at all ('Vemts it is tin* la'st gin-ss that has (wa'i* 
bia'ii made' as to tin' cause of tin' fuiidaiin'iital laws of 
cLnuidcal action, and it finaiisln'sa \('ry coinauneiit nn'aiis 
of iiilt'Vpi’eting t he facts of clnuidsl ry. Since tin* atomic 
lln'ory was lirst propose'd it has Ixmui acea'pti'd by jK'arh' 
all cJn'inists. It has la'em of gre'at valiK' in suggc'sting 
]in'thods of work, and has contributed large'ly to tin' ad- 
Naiic(‘ of (dnuii ist ry . Any tln'oiw which is in accoi'd- 
aina' with tin' tacts and hands |o the discov('r\’ (d in'W 
tacts is ot value, wln ther it should e'VeiituallN' proxa* 
to ])e triK’^ or falsee At the sanui tiim^ a falsi' theor\ 
iiiav do muidi harm, as it in.ay lead men to inisinti'rpret 
the tacts which thes' observe, and thus letard progress. 

Atomic Weights and Combining Weights. If the atoinic 
thi'ory is true tin' atoms of eaidi I'lement must havi' deli- 
niti' wi'ights, and the determination of these atojnic 
Weights must evidi'iitly Ix' of great importance. l>v 
analysis ot compounds wi' can oidy determini' the ])ro- 
t'oi tions by wi'ight in Avhich tin' ('lements combine with 
‘'Ui' another. Can wi' in this way determini' the atomic 
Wi'ights? Ill the lirst plai'e, it is clear that it is out of 
fhe ipiestion to think of di'termining the absolute Aveiglits 
ot the atoms, and all that avo can possibU' do is to deti'r- 
niiiii' thi'ir relative Aveights. As of all the ('lements h}’- 
di ogi'ii enters into combination in smallest relatiA’o (]uan- 
tify, its atomic Aveight is taken as the unit of the system, 
Jmd the problem before us is to determine Iioav many 
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iiiiK's Ii(';iyi''r 

or li^dro,;. ( 1 . II •' 

o-,MI ill ( 111 l_\ < 'IK' I 1) "j U ) 

]);i r;ili\ t'l \ simj'if <»li(‘. 


///(- " 1 '//''-'' e/i'iiiviits mv t/iiui 
,,.i \ riciiii'iil i-itinliiiiftl With hyilvo- 
tlu‘ |»ri>l»K>ni woulil l)<‘ 

'rims I 


:i (‘oiu- 

( (‘Imiieiits (“hloriiH*, 
widi livdro^mn, foniiin^MinJy 
<„,r (•mii[).)iiii(l ()Ji iiiialysis tlu'se are foiiiicl to 


1 jiart of In (li‘oi;(ai to do. pnrls of eliloriiie ; 

X “ “ “ 7d d I “ “ 1 )!•( mi i ii(‘ ; and 

1 “ “ “ Jdd.Sl) “ “ iodine. 


There is no reason for Ixdieving that in tln^si' eoinpoiinds 
th(‘ (d.'ineiits are roiiihined in any but tln‘ sini|)h‘st way, 
i.('., tliat c'aeli atom of hydrogen is eom I nnc'd ^\itll om^ 
atom of ehlorine to ioi'iii hydroeldorie mad, (de. Tf this 
is trina tlien the atom of ehlorim' niiist weigh dd.d? tinn‘s ; 
that of hi'omiiie TthTh) times ; nnd that of iodiin^ 1 *2().dl 
times as milch as that of liydrog.ai, or, in otlna' words, 
tlie ati.mric w.a’ghts of ('hlorin.', hrondmg and iodine ar.^ 
ri'Speetively dd.dT, 7h.7h, and I’dii.dh It will, liowevm’, 
lie ol)ser\(‘d that tlna’.' is no <‘vi(haic(‘ as to wliethi'r th.' 
el.'imaits in tliese com po am Is a re com him m 1 in tlie siin])l('st. 
way or not. .It is jiossilile, as far as we know, that one 
atom of Jiydrog.ai may c.nnhine with two or tlirm' of 
cli lori n< or tha t one ot chlorine ina v com hine with two 
or three ot liydiogeli. As there i>, lioWeMO’, no (nid.aico 
n])on tliis point tho simplest assumption is made. 

If w . ‘ talv. ' the cas. ‘ o) . ix \'ge n the p r. tl »1 e i n is n i . > r.* e. m i - 
|)lex. In water the elements all' comliined in tin' piojioi- 
h^a ol odl jiart.-^ oi o\ye,*n to 1 part of Indi'ogen, ami 
Ironi this we shoidd natiirally conclude that the atomic 
'^Neiglit of owrii'ji is 7.dl ; init tnrthei- stnd\’ shows tli.it 
tins coiicliision is not jnstitied. Ilydrog.'n and oxvg' " 
form a s.'i gml com j ion ml known as liN.Ii’ogc'n dioxide or 
hydiogc'ii ]).*roxide in which therv aiv I .y.s.s parts of oxv- 
n to 1 of li \ ( h'oe:eri. I his may he explained in tlm 
t( 1 ms of till' atomic theoi-y hy assuming that xvatei* is 
I })if S(nt( (l liy the forimda IK), and liydrogmi dioxidri 
aiay he that tin* atomic w(*ight of oxyg' ii 
IS .).8<S, arid th(*n water jimst he r(!])resoiite(l Iry 
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{orinuhi ILO, and Jiydro^vn dioxide Jyy HO. Simple 
nnuivsii-i of ih(' compounds is not sutlicicnt to emdde us to 
(l(M'i(l(' l)('l \V(M-vfi tlii'sc possihilitii's. It is, Ujeirforo, (Mi- 
d(‘iit that ill orihu' to dateniiiiui the atomic' ANci^hts somci- 
tliiii;^ Ix'sides tiu^ (hdermiiiatioii of tlie composition of 
< ()]n])oniids is n(a'('ssarv. ^J’h(' i’(‘])]’(‘sentin^^ tlie 

(‘omhiniiij^ wei^lits 1‘omid iji this uav will, howt'vcn’, either 
be idcaitical with thc' atomic w<dp;hts or will biair a simple 
iniiiK'ric'al redation to them. 

Molecules.— 1 11 vosti, nation of e(‘rtain ])hmiomena of 
lin’ht, of (dis'trieit V, of liipiid films and tln‘ conduet of 
n'ases has hal ])hysicists to tln^ com'liision that matter is 
not continuous, but made up of small ]>artich‘s, which are 
ealhsl tnoUenh's, A inohumh* is defined as ^Aliut 

niiinite port inn nf u sn/is(<nicc U'Jtirh moves ahont us a ir]inl(\ 
sotliuf its puti.s^ }f if Inis utpi, do not part emnpuny durinq 
the nmfion. of uqitufion of the qu!<i^ it would Ix^ out of 
]tla(*(^ here' to piM'smit tlu' physii-al facts upon which the 
nioliMudar tluau'v ri'sts. Siillicc' it to say that it is the 
only tla'ory which has Ix'eii found adecpnitii to account 
for till' l)('ha\ioi‘ of n;mcs. 

Avogadro’s Law. — Lln^ fact that na^<"^ conduct them- 
selvi s in the same way under tlu' intluencc' of cliannes in 
toiiiperaf lire and jiressuri' can only bt^ (‘\])laimMl bv as- 
siiiiiiiin that eqnut voinmrs o/ ufl qus<s und vup(o's confu'ni 
ihr sinne number if nffimuie j>urfielrs or )nuleei(!es ut the 
•siif/ir ( r m i)e rut n re und pressure. 

dhis is a deduction from tlie widl-tested molecular 
th('oiy ol n;m<'s. It was, howv'Vcu’, orin'inal 1 \' pul forward 
hy the Italian chemist A vonad ro f rom a studvof cduunical 
as \\(dl as of ])hysi('al facts, and a litth^ latm* it was sii^- 
n'ested as jirobable by tin* brmndi ]diysicist Am})er(e It 
Is t h(U(‘toi‘(‘ n‘‘ii‘‘^’ally spokcui of as Avonadro’s law, and 
^^oiii('tiin,.s as Ani])er(‘’s law. Absolute ]>roof its ti utli 
‘‘'"">'>t lie niven, but it is in thorounli accordaiu'e with a 
hTigc' numlx'r of wedl-known facts, and it is undoubtedly 
b U(‘, if tlio molecular tlnxiry of mattcu* is true. It may 
therefore be considered as furnishinn ii solid foundation 
foi further conclusions bcn-iring; n])on the })roblem of the 
dedermination of the atomic woigjhts. 
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Distinction between Molecules and Atoms. - IF W(‘ coih 
.‘iii\ <‘1iof;!iral coriipomKl, as \vat(‘r of li^drocliloia’.' 
acid, it is (M idf iii tlad tlie smallest |)arti(d(‘ or tlu5 Jiiolr - 
cide of llie eoiiiiioimd mnst 1 m' iiiad(' u|) oF still smallei' 
|)ai ti('lr‘s. Tims, tlie smallest particdc' oF watm* must eon- 
tain smaller parlieli's oF livdr<tmm and oxv^m, and tlic 
siiiallest |>artiel(' "f li \ a 1 r( Mddorie a<dd mnst eoiitain smalli i 
]»artieles of li \ (li’omni and (ddorimn Tiii'Si' smalh'st pai - 
ticlns of tile moleenN's art' tin' atoms. d'In' nioletmlt's of 
(he ('omj)onnds are, aeeoi'diii^' t'> this \ie\\, made np of 
I li(‘ atoms of t lio eh -me Ills. Si mila rl \ I lu' ('h'nieiits tln'in- 
s( Ivt's ari', for ^ood it'asoiis whieli w ill Ix' presmited, lx - 
li('V(‘d to roiisisi of jiioleciih's which art* in tniai nimh' ii|» 
of aloiiis of the saiiM' kind, thoiiL;h in a few east's tin 
nmlt'elde of t he eh'liieiit is idelitiea I W it h the atolil. d'li(' 
diflelVliet' Ix'tw'eeli a ei nil poll lit I a lit 1 ail eh'liieilt thelijs, 
in L;en('ral, that iht' inoleeiile ttf the eompoillid consists of 
atoms of tliriereiit kimls, whih' the moln-nlt' of an t'h - 


nieiit eoiisi.-'ts ol att)nis ot tlie same kind or, in a few 
(Sist's, ot oiie atom. (ieiieialK tilt' atoiiis dti intt t'xist in 
tilt' tret' ol' niiconi hint'll state, Init, if tlie\' alt* set frt'i' li\ 
eliemieal action, tilt v unite to loriii niolecnles. Tht' fol- 
lowing ma_\ ser\e as a t leti n it ion of thi' eoneeption of 
atoms at jnesciit lit'ld h\ chemi>ts; 

A/ ' mis 1 1 f Ilf ni'//risil)lr ennsf 1 1 m nf s t )f' iimltc nhs, 'I'ht ij 
(<rr the snidlJisf j),t rf nf f f,r r/> ntrn/s (jutf /n/.'c y>r//7 in 

vhcniKuil rrm-lioiis, <I„<I d fi,r f hi- ijniifn' futrf iiicd jmlA. 

i‘.i'lsfrjiff- lu ffu' J sfdfin hi iiiij ifidlf rdll if foil mi ill ('iduhi- 
Iidhdil iril/i dthi-r dlnms^ liljn of f ht sn nn' fimi of i/iff /- 
I' Ilf 1 ,'im/s, 


It c.iiiliO III- to., stroliul\ rMii.li.isizr,! flic \ic«-; 

l» l'l ill icoMr.l lo III,. rcl.-ili,,i,s l.clwccii molecules mi.l 
utonis .lie IiIISImI I|||0|| .H, Cliorillolls .■IlllOIIIlt of |iiiiiist:ii>- 

111- slii.ly yt liicts, nil, I {,, I'lilly (o coin | iivlicii.l tic n 

vcliic ;i Stmlv of Iimsi of tli,.sc fii.-fs woiilil l.c iicccssii 1 1 . 
Ilicsc views 111, VC yrmimillv liccoiiic Uniily csfiililislicil ;,s 
non I ilgc of llic l.-icfs Inis -i.iwii iiiorc and more |ii'’- 
'"llll'I. -Acccplilio II,,., 

iis 111 flic prolilciii Witli wliicli we are dcalinm vm flic 
determimditm of tlit' atoinic waTrlds. 
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Molecular ‘Weights. — If ecjual voliinios of gases eo;itaiu 
(lip s.MiH^ jiiiinber of Jiiol(‘(*ules at tli»‘ saJiie t(‘J)i])eratu7'(; 
.111(1 ])rt‘ssure, it is only iK'cc'ssary to (h'tei’niiiu* tli(3 
A\('iglits of (Mjual voliiDK'S of gas(‘s to h^arn tho I'elative 
ANciglits of tlidr inolecu1<'S. ^riius, if av(‘ wdgli a lifca- of 
(SK'li of tlireo g.Mses, and Hnd that tli<‘ wrigids aro to 011(3 
aiLoilun' as 1 to ‘d to d, tli(‘ii il follows tlial llni relation 
])(‘|w(M'n the AV('ights of tie* iiioh'eiiles of thi'se gasc's is 
rxpn'ssi'd by tli(‘S(' lignri's, or, in otlnn' XNords, tli(3 niole- 
( iih' of the si'cond gas is t\\ie(( as laxavy ; and that of the 
third gas is IliO'e. timi'S as lasavy as tied of tin' light(‘st. 
d’li(' deh'i'iiii nation of tin* relatixd wa'ights of tlie niole- 
enh'S of snbstaina's hieh ('ither aiM* gaseous or can 1x3 
(■(iire'rfed intogas('s r(‘sol\('s ils(df siiiijdx' into a det(*i’- 
iiiiiiation of tin* weights of (‘(jiial xoliinn's. In ix*] »r(*s('nt- 
iiigllie iiioh'cnlaf ux'ights we ni.ay use any tigures whieh 
.lit* most eon \en ieid , proxbh'd only timt they bi*;!!' to one 
aiiotln'i’ the relations det(‘iiniin*d by ('\ jx'i-inn'iit. If, 
liox\e\(*r, w(* eall tin* atoinie W(*ight of hwdrogen 1, tlnni 
eiii' system of nioh'i'idai' wx'ights must be l»as(‘d upon 
tlii<, and tin* nioh'enlar weight of ;i eonipoiind should 
.stale how nnndi he.axier the molecule is than an atom of 
li vdrogt'ii. Idiiis, if w(* say timt tin* moi(*cnlar weights 
el w ater and liyd roch loia’c acid ari* r('sp(‘cti V('] y ]7.S8 and 
-‘hi. IS, we jinuin that, if tin* hydrogt*n atom weighs 1, then 
the w('ights of the moh*cnles of water and ]iy'drochh)ri (3 
acid aia* r(*preseid('d by tln^ tigur(*s given. ^Soxy, if the 
ii’.elecuh* of hydrog(*n W(‘|-(‘ id(*ntica,l with the atom or, in 
etlu r words, it tin* niolecul.aj’ wx'ight wa'ia* (‘(pial to 1, tln*n 
die adjustment of the syst(*m of inolecid.ar xy<'ights to the 
aleiidc W('ight ot ]iydrog(*n xyould lx* ]>erfectlv sim])](*. 
It weidd only be necessary to d(*t(*i’min<* tin* ws'ight of a 
eiM'ii yoliiiin* ol hydiogi*!! and cofup.aia* tin* W('ights of 
' 'Mial yolunn*s of otln'r g,as(*s with it. If tin* weight of a’ 
'' 'lain Nolunie ot ;iny eom])oiind should lx* found to b (3 
Id tiiii(‘>( that ol aai (*(pial vobiiin* of hvdrog(*n, it would 
hhlow that tin* molecular W(*ight of the e(am pound is 10. 
bill tin* niolecuh* and atom of hydrogen an* not id(*idical, 
‘‘an 1)0 shown Avithout dilliculty. Wln'ii a gin*!! vol- 
a'lK} of hydrogen eoinbines with ehlorino it combines Avitli 
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an ecjiL'il volume of Hu’s oloiiioiit, and tlio two voliuiiov 
wiiii'li combiiu' loi’iii an e(|ual volmiio of tlio eoiiipoaud 
liydroflilot ie acid. riicst' facts fiia.v 1)0 f^ra 2 )liical]y repre 
soiitcd as follows : 




1 vol 


11 



combine and form 

1 vol. 


Cl 



i 


I vol. 
Jiri 


1 Vr.l 

lU'l 


2 volumes of 
hydroelilorie 
ttcid i'as. 


Now, l)o;iriiig in mind Avof;;idro’s law tliat equal vol- 
umes of all f^ases .-oiitaiu tim same iiiimla'r of inoleeul/'s, 
it f.illows that if, in (he v,,)ume ot hydi-oe,.,! taken, tlieie 
IS any linite naailier of molecules, say ]()(), (hen in the 
same wdiiaie of chi. nine th.Tc mast 'l„. |0ll nioleciih's, 
an, I in the (wo volnmes,,f hy.lrochh.ri,. acid e.as old.aia.Nl 
there must he li(l(l mohaades of flm comiioiind. 'I'hen- 
fiire, from KKI ai,,h’cuh's of hydi'oec,, ;in,| I ()(» molecid. s 
o| ehhaiia' thiav aiv formed -idO mole.-uh's ,,f hvdro- 
ehh.nc aci.l, J!u( in ..ad, a„.h.,.id,. ,,f h \ ,lr. ,..hl.,i i,. a. i.l 
t lor,. mad 1„. at l,.ast 

a on, ,,( .■l,l,,na,., aa.l m (I,.- :l(i(i a„d..,.,d,.s (h,.r,. mus( h. 
at l.'ast 2(10 al.eiis ,,f liy.lroy,.,, aa,| 200 at.,nis,,f,.|ilo.- 

-"I- livdr.y,.,, |c,ve..oa„. 

la. 100 a, ol,. calcs, ;,a,| (I,,. saa„. is (n„. ..f ..hhaiac, 

. ICI,. ,,r,., I.dlous lhal , 

’7 ' d nnixl nuisisi „f nt I,,, si hni 

"" 'I''-", if 'la'r,. is .a,,. a(,„a of 

•j"" IN (la. a,ol,.,.ul.. of l,y,|,.,„.|,l„,ic aci.l, (h,.,, (la ,. 

hchocva in (he moh.,.uh. of hi.lroca, 

't" "-’''"•"’-M.v.iroe.misi:;,,.,. 

-Hoiowhd,.., j.v..m,f.. 

"iar u’,.i.dits i ."i ''f 'l'■ll■'■miaation of mol, , - 

«'f tile «d,s(,,n,a.''i,'rid.i,^'*'|'i''''''i''''' 

t< nils ol livdro-.,, ti "' 
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result by 2. Tlius tlie specitici gravity of water vapor in 
terms of liydrogeii is 8.04, <n’, in oilier words, a {^ivmi vol- 
uim; of Avater vapor weighs 8.1)4 times as much as the 
.sa.me volume of hydrogen. I bit the molecular wtdght of 
liydrogen ladng 2, that of water must be 17.88. xVs the 
spi'citic gravity of gasi^s is fiaapimitly stated in terms of 
tl:(‘ air standard, it is d<‘sii-abl(‘ to know th(‘. relation be- 
t\V('<Mi th(‘S(^ ligures and those basial upon hvdrogmi. The 
spi'eiflc. gi’avity eif hvdrogmi as coinpar(‘d with air is 
(l,()(»02t); wIkui taken as tln^ standaril it is represeutcal by 
1. Jiut 1 0.0t)02() is 14.44; tlierefor<‘, to convert the 

s|)(‘cilic- gravitii^s on tln^ air stamlard into those on the 
livdrog(‘U standard it is only necessary to multi])! y liy 
1 1.14. Thus th(^ sjXH'itic gravity of water vapor, air be- 
ing the standai'd, is O.b'lT. To find its sjiecilic gravity, hv- 
<.lii)g('n Ixdng the standard, niulti[)ly liy 14.44. Now 0.()23 
■ 1 1. 1 I is v(‘iy iK'arly 9. This Ixung tln^ s]X‘citic gravity, 
IIk' moh'cular weight is obtained lyy multi])lying by 2. 
t)t coiirs(‘, we should rmacli tin', sanui result by nndti[)ly- 
ing the s]x'eilic, graviti(‘s in terms of air directly by 28.88, 
IMow are given tln^ mohxadar wcdghts of a few elements 
iiid ('(impounds which hav(' bemi ddin’inined liy th (3 
method just (h'scribed : 


Nanit*. 

S|>. ( ;rav. 1 
n = i. ! 

AIoI.m' 

AV^-i-lit. 

Afolf'enlar 

r'DiannIa. 

1 1 \'(1i()L!,('Ii 

, y 


1 r 

N ili M;:, 11 

]•; a ; i 


1 12 

WmI.t .. 

. . - . M a 1 i 

1 T 

I 1 n 

i 'iieclilofic acid 

A IIUll()Iii;i 

si 1 ( ; 1 

::r..is 

1 

IICI 

X" 1 1 

M'irsli "as. 

7 1 

1 U 

Alls 

1 r ' 1 1 

■'ii'liun iiK aiov i( !(■ 

]•; ai) j 

i • ) . t y ^ 

‘*7 St) 

^114 

^ '.'irhoii dioxide 

- . - . - 1 s i 

!!{ TiS 

\ y “ 


1 


\ “ '2 


Deduction of Atomic Weights from Molecular Weights. 

1 h(mletermination of molecular wm'ghts d(x\s not max^s- 
warily carry with it the (hdermination of the atomic 
'^rights. It is plain from what has already been said 
tiiat a knowledge of the molecular wiught of an element 
not convey a knowledge of its atomic Aveight. If, 
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for oxainplo, wo loai ii tliai. tlio iiiolocular weij'lit of iiitro- 
^oii is approxiniatoly w(‘ liav(‘ Jio means of 
from tliis wliat tlio atomic weight is. It is plainly uec- 
c'ssarv to know of liow manv atoms eacii mo1e{*nlG of 
nitro^('U is madt' up, and to learn this is iioi a simple 
jnatt(U'. it is (sasim' to dotm-ndno the atomic weight of 
an eltmieiit tliroii^^li a study of its compounds. Su[)posc 
it is (h'sii'OvI to d(dci’mim‘ tiu' atomic; weight of oxy^cm. 
Wo, first dedcu'minc', tin; mohuudar weights of a niimhcu-of 
compounds whicdi c‘ontain oxyycm, and then analyze; thc'sc; 
compounds. W o them see what the smalh'st lii^ure is 
that is rc'([nir(;d to (‘xpre^ss the weight of tin; oxy<^en 
that c'liters into tin' com])osition of tin; molecule's, and 
this figure is selected as tin; atomic weight. d'lic; mo- 
lecular wc'ights and the composition of sc'veral oxygc'u, 
compounds are given in the following fable : 


Cnni})<)iin<l. JIol. \Vi. .\|)j)r<ix. ( 'miijutsition. 

Wilier 17.88 2 piirts li ydidecii, 

1 ') SS * ‘ oxyi^cn. 

Ciii 1)011 monoxide 27.80 11.02 “ cJirlion, 

15.88 “ oxygon. 

('iii'bon dioxide,, ‘12.08 111)2 “ ciirhon, 

21.70 “ oxygon. 

Nitrio oxide; 21).<si 12.1):> “ nit.rogoii. 

15.S8 “ oxygrii. 

Nitrous oxide ‘12.74 27. SO “ nitrugcii, 

15.88 oxygon. 

Suliihur dioxide 02.51) 21.82 *' sul[)liui\ 

2.1.70 “ oxygon. 

Sulphur Irioxide 70.47 21.82 “ sulphur, 

47.04 “ oxygon. 


The figures iii the third column are of course determ iiud 
by aii.alysis, an example of the metliods nsc'd ha ving boon 
^dveu ill the chapter on water. Statc'd in ordinary lan- 
guage,tlie figun'S in tlie case o[carl>ou monoxide; mean iiiat 
the molecules of this compound wedghs ‘2 7. HO times as mm li 
as the; atom of hydrogen, and the; 27.80 ])a.ris ()f matter 
are made U]) of 11.02 parts of carbon and 15.88 parts of 
oxygen. ( 'onsidering no\v the composition of the coin- 
pounds in the table, it xvill be seen that the smallest nia; a 
of oxygen which enters into the composition of any of ike 
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iii()l(H‘ulos weij^'lis 1i’).<S<S ;is niucli n,s tlio atom of 

ji\ (Iro^oji. W(^ find twice Uiis mass ;is in carhoji dioxide 
and sulpliur dioxide ; a,)id ilireti times as in sulpliur tri- 
oxide, but no snialbn* nmss. iS’ow, if we slionld examine 
all compounds of r)\y^'(m \vlii<9i can exist in tin* form of 
;^as or va[)or we should lind the same thing triu' ; that is 
(o sa\ , ih(‘, smallest mass of oxygen xvldtdi enhes inlo (lie 
coiiiposition of jnolecid(\s is Ib.SS as gi'caat as tliat of the 
atom of h) (Irogen. Tln^ conclnsio!i is tlnn'eforc'. drawn 
lliai la.SvS is tln‘ atomic w(Mghl of oxygen. Tlu' ])ossi- 
hilit\' that tlit‘, atomht W(nght of oxygen is h'ss than this 
tigiire is not exclmh'd. It iimy that in the sim])lest 
owgmi compounds iioav known tliere arc' two or more 
aloms of tills elmnent in the moli'cides. Ihit in tlie total 
ahseiice of evidimce on this ])oint all can do is to 
ae(^(^pt the iignre Id.SS as in ])(‘rlVct accordance with all 
our knowledge of oxygmi com])oiinds. 

Tu this way the atomic weights of all elennmts whii'h 
form gaseous compounds or compounds that can be ('on- 
vm't(Ml iido xapoi’ Ijaxa^ beim (hdermim'd ; and tln^ (hder- 
iniiiations made' in this way are ri'garded as the most 
relialile. 

Exact Atomic Weights determined by the Aid of Analy- 
HiH. -l*»y d(‘t(‘i mining moleculai’ wi'ights it is pijssible 
to (ha'ide ;i p] u’oximati'ly what iignre rc'presents the atomic 
^voight of an (‘hummt, but the imd hods eiujiloyiMl in making 
h<'h'! ininations of moha-ular weights aia* lial)h^ to slight 
<‘i I ( u s, and t herc'fore the atomic weights obtaim'd diri'ctly 
h'oiii th(‘ mohauila r weights d(‘viat(‘ stightl \- from the ti'ue 
tigures. Inordi'rto det<‘rmim‘ ihe atomic weights with 
lh(' gi(ad(‘st ])ossibh‘ a,ccuracy, the most ndined imdhods 
climnical analysis ar(‘ biauight into play, and theligunxs 
lu tlu' table on page 21 have Ixaui <hd(‘rmined in this way, 
I'v 1 , combination of a study of the sjuautic gravity of 
and by the most careful analyses, together witli 
otlun- methods whiidi will b(' taken up later. 
Molecular Formulas. — The symbols of chemical com- 
p'Miiids first used were intended to express sinpdy the 
< " i])osition of the compounds, aaid this can be dojie as 
explained in Chapter 1. by adopting a system of 
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coinl)iiiiiig oloinonts. Accordiii^r to i 

theorv oxpIiiiiKMl in ilin ];ist (•]ia])l<‘r tJio sjiiallnst paifi 
of oxoi'V ronipoiind is a inoItHMd(‘, and eacli in()I(a‘i]](‘ 
made up of atoms. It ’ a p[)«\ars, tliereforo, desiralilr ] 
the sak(' of iniifonnity Ihat the symbols us(m 1 to ivpi 
sc'iit (‘luunieal eo]n[)oinids sliould represent inoha'iili 
■\\’]ieiv t}i(‘ moh'eidar \\(‘it;ht of a eompoimd, tln^ atoii 
ire/o/i^' ehu/nmts of whirl} it is rouiposnJ, nml i 

C()n}}>rsiti(^n are knrwji, tln^rr is iio (hlliriilt v in n^])ivf<('ii 
in^ it hr a niolmilnr hniniihi. Thus, tlw iiuArruhi 
n ef-hf oinninumi:} is foiiml by rxjuniuirnt to hr 
3 ,.a,/oIy 17, and ihr 1 7 parts aiv made up of 14 purls <>( 
nitro^xvn and ‘4 t)ails of ]iydroe,<‘n. Liie atomic wcut^ht 
of nitroocm is found b\' tli(‘ nidliod Avhieh lias jnst bc'eir 
dc'serila'd to be; very mairly It. Therelore tin? nioh*- 
culc^ of ammonia wcnj^liin^' 17 ]»arts is eomjiosed o*! I 
atom of nitro^mi wei^i^hinii; I t [larts and d atoms of liy- 
drooeii weiujliin^ ‘> ])arts. The' eonpiosition of the mole- 
eule is tliereforc' represmit<‘d by the* formula NIT^. Simi- 
larly the eom})osition of tin* molta'uh' of watcU’ is reprt‘- 
seated by the formula K.,( ) ; that of hydrocdilovie aeid 
by |[(n; that of inarsh ^as hy (41^; dc*., etc*. Every 
formula nowin us(‘ is intendcal to rcpi’c^scmt a mohw*nh‘ of 
th(‘. eonijiound for whieh it stands. In regard to the’? 
mohnnilar weights of compounds that are not jj^aseoiis 
nor convertibh' into va|)or, A vc^^adro's mcd.hod is plainly 
of no avail. Ablhods ha\<', howco'cr, bc'cni (hn’ised whic’h 
are applicalilc' to a. nnmlan' of th(*s('; (s(‘e ('hapter X X II I 
Constitution. W hen hvdroehlorie acid is formcMl, w 
coneedvet that (‘ach atoin^of hvdronni eoinbinc'S with one 
atom of (ddorine, and that thc' mohsnh'S of the rc'sultiiie 
coni])onnd arc^ made- u])(nch of an atom of hydrogen and 
^in atom of cdilorinm What thex a-ct of combination con- 
sists in w(‘ do nc)t know. W<‘ sinpily know that something 
very remarkable takes placcy and that as a consecynenn* 
the hydrojjjcn and chlorine cease to c^xist in their ori^dn d 
forms. Tt is idle at present even to speculate inreoatd 
to the character of tlie change. The fact of union is c \- 
pressed by Avritin*^ the symbc^ls of the elements side hy 
side without any si<^n between them, as 11(31, or, sonic- 
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fiinos, it is convenient to use a lino to indicate chemical 
union, tlius : H-Cl. According to the inolecidar theory 
the molecule of Avater consists of tAvo atoms of Jiydrogen 
one of oxygen, as rc^in-esented by tlie formula H,0, 
and the question now suggests itself whether all tliree 
atoms are in combination with one anotJier or A\diether 
each of the hydrogen atoms is in cond)ination with the 
oxygen aton], Init 2 iot with each other, as represented by 
the lortnnln ii-O-Jf. ho too in the case of aniniojiia, 
the niolecnhiv fonniihi of which is the question sug- 

^csts itself: Are the three atoms of hydrog(‘n in coinhi- 
Jiabon with th(‘ atom ol nitr(>g(ni, but not with ojie an- 

H 

oilier, as reinvsenbMl in the forinidaX H? It is ex- 
it 

tuMn('l> dillicult to answivr su(*h qiK'stions, but, at tin? 
saiiK^ tinu',, cei’tain tacts ari^ knoAvn AA'hich enable us to 
(haw jirobable conclusions. I'ormulas Avhich exprt sss tlie 
comj)osition of molecuh's and at the same tinu' ex])ress 
tli(^ ridalions or the connections wliich exist bdAvoen the 
atoms are called cons! it ntiorad fornudafi. Tlu'se constitu- 
tional lormulas are Axu-y rreijiumtly used at present, l)ut 
s(»m('tini(‘s Avithout a sullii ‘lent l)asis ( )f lacts to justify 
tluMii. \\ lieiK'vi'r they a.r(‘. usmi in this book, tlui rea- 
sons lor them Avill Ix' stated as fully as may appear nec- 
('ssary. 

Valonco. Th(^ formulas of the hydrogim compounds 
chlorine, oxygtm, nitrogcm, and carbon, all determimul 
hy tli(‘ same metliod, are 

nil OH, NH, CH, 

A ( ( )nsideration of th(‘S(‘ tormulas ami of man\' similar 
has h'd to the ludicd’ that th(‘ atoms of ditfermit ele- 
^'‘^•nis dilVer in their powau- of holding other atoms in 
nidiiuation. l h(> simph'st explanation of th(‘ conqiosi- 
of the com|)ounds above, representml is that the 
Ooms of chhndiKg oxygen, nitrogen, and carbon dilfer in 
icir power of holding liydrogen atoms in combination, 
lydrogen and chlorim^ combine in only one Avay, 1 atom 
‘hlorine combining with 1 of hydrogen; led oxygen 
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comhine>^ ^vith :! o( hydrofoil ; 1 of mtro<ron mih ;; , 

hydvi^mni; mid 1 id cavlnui mUIi / of lydi'o^vji. 77/< 
Hind of till' coinhiiiiiifj; powor of tho atom ol cldovnu^ is 
i-omcImmI wJkmi if lias (‘omliiiual with oiio atoui of Jiydro- 
g(ai. And as oin^ clilonin* atom ('an Jiold but oiu' atom 
of li \ (Iroymi in ('oinbinalion, so one atom of liydro^^nni 
can hold Imt on<‘ atom of eliloriiu'. Eitlim* tlie liydroynm 
atom or IIk' ehloiiiu' atom may be taken as an e\a,m})l(‘ 
of tin' sim[)h'st kind of atom. Any ('h'liu'id lil<.(' hydro- 
inn'll or ('hloi iiH' is calli'd a miiralciit detunif : an ('hMinml 
lik(' o\vy(‘U whoS(' atom ean hold two unit atoms in 
eondiination is eallml ‘,i hindfuf ; an ('h'ment lik(' 

nitrogen w hos(‘ atom ean hold thrm^, unit atoms in eoiii- 
bination is ealh'd \i t riralviit eh'iin'iit : and an (dennmt lik(‘ 
earboii whosi' atom can hold four unit atoms in eombimi- 
ti(.ni is called a (j umf ri rahut eh’nivnf, Alost (‘h'lin'uts be- 
lon,y to OIK' or the othei- of thesi' foul’ classes, thoii^Hi 
tliori' all' some which can hold ti\(‘, six, and (n'mi st‘V('i) 
unit atoms in combination, 'riu'si* are callml qidNcpii- 
vcifnif, svj'i Vidiid y and scjif i ndcn/ n'S]»ectiv(dy. 

I'idoncv is (hdiiK'd as that ])i’o])erty of an ('hunent bv 
virtue of which its atom can hold a (hdinite numlnu’ of 
otlnu’ atoms in combination. Tn the formation of coni' 
jioniids th(' valenci' of tin' eh'iiu'ids di'ti'riniiK'S how many 
atoms of anv (‘hnnent can ('liter into combination with 
any otlu'r. Tin' atoms are sonit'tinn's spokc'ii of as ha\- 
iiij^' bonds which art' orajihically r('| ui'si'uti'd by bin s. 
Thus, a univah'iit ('h'nn'nt is said to have on(‘ bond, ;is 
re])res('nt('d b\' H -, ( T--, (‘tc. ; a bivah'iit ehnneiit is said 
to hav(' two lioiids, - ( ) , S ('tc. ; a triviTlmit eh'iin'nt 

k . . I . 

thr('(‘, -N and a (jnadri vali'iit ('h'lm'iit four, (d 

1 

couisf', this is nn'r('l\ a. s\ inbolica,l n'pi’esentation of tin' 
idea that each atom has a. (h'tinib' powi'r of combiniivy 
with otlu'rs. It is furtliersaid that when the atoms unii'’ 
tlies(^ bonds Ik'coiik' satistii'd. ddius whmi oin^ atom 'd 
hydroet'ii uniti's with out' of chlorimy tin', bond of eai ii 
is reganh'd as uniting' with tlie bond of the other, and ti i'^ 
is represeiiti'd by tin*, symliol H-(d. So too, wdien t'o» 
atoms of hydro^mi unitii with om*. of oxvjjjeii, the cone 
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ihhukI is i(‘/)resoiit('(I ni this wny : JT-O-K or 

/Im‘ miioii of iitoins, hirthcr, to use thr li^nrntive Jnii- 
(wo ])on(ls iii;iv l)(* s;ifis(i(Ml hv two niiiv;i]('n( mIojiis 
,) i- 1)\ oiK^ l)i\';i]rut iitoni. 1’liiis, in iii;i,rsli gas, C-H,, tlie 
((Uii’ afliiiitios or bonds of t]in (juadrivah'iit carbon atom 
ire i-(‘gar(lo(l as bidng satisl’Kal bv tlm four nnivaJciit 

If 

li\(lrog<‘n atoms. In tlm. (‘om])()nnd liowevcr, 

two of the I)()nds are r("garde<l as satisli(‘d by two nniva- 
l(‘iit hydi'ogen atoms, and tli(3 otlier two l)y om^ bivalent 
owgmi atom; and, again, in tli(‘ compound ( )~( '“ ( ), tln^ 
foiii' bonds ol tln^ cailxm atom are i'egard(ul as satisliial 
i)y two bivabad. ()\yg(m atoms. 

Replacing Power of Elomonts. As has been seen, 
\vh(m potassiiHii acts upon water the action is ^'presented 
])y tile eipiation 


K I 11,0 - KOH I H. 

I Ajircssing this nwaction by means of formulas wliich 
tak(' tlu' vahaici' of tin' (‘hmumts into considiu’ation W(^ 
iia Vf th(' following : 

K + H-O-H K ( ) It + H. 

According to this, one atom of ])otassium is substituted 
I'W (iiic atom of h\'di<)g«‘n in wattu', and, in tine coni[)onnd 
the atom of ])otassium is r<*gar(hMl as occipiying 
di<‘ ))lai'(‘ of th(‘. hydrogen atom. 'Tln^ (d(Mnents calcium 
iiid barium ^iro bivahmt like* oxyg(‘n, as shown in tin* 
'■< an |)( )unds ('a(h,^ and lla(d.,, in whi(di tin* atom of cal- 
< iniii ns w(*ll as that of barium hohls two uuivah*nt atoms 
i hlorim* in combination. \\ ln‘n tln‘S(* (*h*nn‘ids act 
’M>'ai watei, liydrog(*n is liberated as with ])otassinm, bnt 
‘ acli atom r(*plac(*s two atoms of hydroga'ii, as represent- 
I in tin* eepiations 


Oa -f 2H,() = CaHA 
Ba f IhiH/A, + 2H. 
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Or ex]irossiii^' tlu' cli.-in^os l)v viilc'iico fonmiJiis, we |,,n 

O-H 

'0-H 


U-O-H 


tr + Il.; 


R / -W 

^ H O II 


: It,, <;!::II+h.. 


A trivjilont element acting’ in the snnie way would give a 

()-H 

coiu2)()uu(l of the general forinnla M iu AvliieJi Al 

\()-H 

rejn'esents any tiivalent element. 

So, too, in tlie aetion of various elements 112)011 hydro- 
elilorie aeid, H(d, a iinivaleid, ehmient like sodium or 
2 )otassimn r(‘2)la(*es one hydrogen atom in one molecuh' 
of the acid, and forms a. com[)onnd of the g(m(‘ral formula 
MCI, as, for exam])le, K(d and NaCl. A bivalent eh- 
inent, like zinc, r(>2>hices two atoms of hydrogen in two 
molecules of the aeid, forndng tlu' conqxiund ZnCl^ : 

y I M(.U r/ , rj- 

A trivalent element forms a compound of the general 
formula ^fOlg, as, for exam2)le, aluminium chloride : 

^(d 

Al-(d. 

( d 

I he above ex 2 )hination ot the hy])othesis of valence will 
siilhee by way of iiitroduetion to the subjeet. ddie le- 
lation which it laaars to th(‘ I'aets is sim])ly this : On stinb- 
ing tin* coiiiposiiion (►! eln'mica.l com])ounds we find tlial, 
in gemnal, tli(‘ (demmds combine with one aiiotlnu' m 
conipaiativcdy few pi'op< )rtions. Thus, hydrognm ami 
chloiijK^ cond)ine with (‘ach othei' in onlyMine ’ 

ji\ (b’ogen and oxygen in two ; nitrogen and hvdroe* n 
in lour; etc. There is something limiting tlio com- 
plexity of conqiounds. AVe might study the laws govei n- 
ing the ca)m])h‘xitv of compounds without any hypotlie^i^^ 
as to the cause, but the hy|)othesis of valence is a con- 
venient explanation of thes(‘ laws, and it has heen of mm li 
service in furnishing clumiists with a simple language for 
representing chemical clianges. 



CHAPTER VIL 


OZONE — ALLOTROPY - NASf'LNT S IW TL — HYDROGEN 
DloXIDL. 


Occurrence. — Ozoiio Jias lout; Leon tliouj^lit to be ]U’e.s- 
eiit ill the air in sinall quantity, Inii careful researcli lias 
niado tliis occurrence ap})ear doubtful. 

Preparation. — It was obseuwed in the last century that, 
wIkmi a [)owerful electric inacldne is worked in a room, 
.soinetliin^^ is fornnal w'liicli lias a stron^r odor, jmd the 
sajiK' odor was noti(‘ed durin^^ thuiKhn-slio^yers. After- 
wards the same tliinji; was noticed wlien Avater is decann- 
])()sed by an eliadric current, and when phos])]ioriis is ex- 
])osed to moist air. Idn* substance wars at tii’st siqiposcal 
to Ih^ a (•onqiound of watiu* and oxy<^en, but lon^-contin- 
iied inyestigation showaal that it could b(‘ made from pure 
dry oxy^rpn, jrnd that by heat and other moans it is d(‘- 
com[)osed into nothin^’ but ordinar\' oxy;j;'en. 

It is ])r<q)ar(‘d mixi'd with oxy^tni by passim^' electric 
sparks throipi;h ordinaiy oxyp;(‘n in an ap})aratns con- 
structed on the principh' of that rejiri^sented in Fi;^. L 



li n 

Fio. 4, 


is a glass tube about an inch in diamehu* closed at 
the ends with lirass caps or with corks, coyered with shel- 
lac on the inner side. A metallic cylinder />7> coyered 
with tin-foil is jilaced inside this tube. The cylinder is 
eonnected with the tubes (7(7, and through these and the 
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cvUiuhv n cunvnt of cold wntor is kopt flowing-. 77] 

j);iss(‘s i h f’< mp'It tln^ pluss Ip im^iiiis ol ijjf 

tubes />/>, und nerossnrily p:iss(K'< through tlio luirrow 
spnre In'tweeu tlu^ ghiss tube und the inetnlUc cylhuhu’. 
Ar<)mi(] <lj<‘ oiifsidi' of flii> ^lass fiibo is wound a sfrip of 
tin-foil. IJy nns'ins of tlu^ w’ii'(‘s F nnd F (‘oiinocfion is 
<^sfal)lis]i(Ml witli tli(‘ poles of an iiHluetioii-eoil, or a Holtz 
ole('tri(*al niacbiiH'. 

O/oiH' is also niad(‘ by })la(*in<4 a few' pnaa's of plios- 
pliorns in tin' l)oftoin of a ‘j:;ood-si/(‘d boffin and parf]\ 
(‘ovco’in;^^ flunn wifji wafer; and, finally, if is niad(‘. by 
t i‘('af barinni dioxide',* l>a( and sonu' ofliei* eoiiipounds 
rich in oxyjj^e'ii with sul|)linric a<*id. 

Properties.— ( )zon«' is a. jj;’as w hicli (am Ix' condensed fo 
fin' bepiid forni, flie liepiid havin^y^ a blin' color. It has a 
stronj^' odor, and a(*fs in an in ifafing way upon flu' nieni- 
braiK's liiiinn' tl‘<' fln’oat. Its cln'iiiical (‘oiiducf is enfir('l\ 
dilh'reiif from that of oxyj^i'ii. W hih' th(‘ laffeu’ at ordi- 
nary f(‘ni p(‘rat in’(‘s is not an a(*five (']('ni(‘nt, ozone is. 
If acts upon most substance's of ;inimal or ve'j^'e.'fahlc 
origin, and oxidi/<>s ne'arly all the' nie'fals, be'sieh's pro- 
duciiit;' ;l vaJ’ie'ty ot othe'r chan^^n's w hicli are' not [iroduce'd 
by oxyj^e'ii at the' ordinary fe'npierature'. .Vnion^ the' 
chai’acfci’istic clian;_;e'S w hich may be 3 made' use' of for flic 
])urpos(' of de'fe'cfin<4 ozone' are flie followiii<4 : (1) It 
liix'rafe's iodim^ wdie'u bron^^lif in eonfacf wutli ])otassiuni 
iexlide*; tile* action heunp; rc])re'semfe*el thus: 

: 11./) i n ‘ilvOH f t^T. 

Now', iodine has the' iiowe'i* to turn starch bluey There'- 
foi e', it ozone is brought into a, sol ution containing stai'cli 
’Old potassium iodide', a blue' color is pi'oduce'd. p2} ( tzoin' 
'.^unhines with nie'tallic silve'r to form silver jieu'oxidc, 
which is lirown. In oreh'i* to eh'teH-t ozone', there'fore^, a 
strip of ])olish('el sihe'i* may be' (‘xpose'd to the gas, and it 
it turns brown e)zone. is pre'se'iit. 

When heated to ilOO ozone los(‘S its ediaracte'ristiei odo.” 
and is converted into ordinary oxygen. Tt thus ajipears 
that vve can stai’t with ordinary oxyge'ii, anel by means ot 
HU electric current convert it into a substance with mud 
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inorr n(Aivo (‘liojuinil prapertirs niul (lifroniif^ from it so 
jini i kt^dl v tlnit OIK' would luird l y suspeud, tlio closo roln tiou 
hciwi'on iJio two; nml tinui, further, by simply ])ussin^ 
the KctivK snhsbuwi', or ozom\ tlirou}j;li h tiiljc? lus-ilod to 
:;()() ’, it is ('()ii\ ('i‘t('(l into oxyg(‘ii without loss 

(if \V(M\n’hl. 

Kolation botwoon Oxygen and Ozone. V\ lien ox])oi’i- 
iiK'iii had sliown lhat oxygani and o/oin* ai‘(' non vertil)le 
(iiK^ int(» th(' otlnn- without rlia.iig*' of W(‘iglit, tin' suggc^stioii 
\\;is iiia(h' tliat th(‘ dilbn'nina' bi'twaMni Ihoin ini'dit l)n din‘ 
to a ( I ilhn‘('n(*(' in tin' mind an* of atoms of ox^ gtni contaiiird 
ill tli(' molia-nh' ot (‘a.rli. it might Ix', foi' (‘xamph', that 
ill tlu' moh'cnh' of oxyg(m tlier(‘ ar(' two atoms and in that 
of o/on(‘ three oi’ more, if this view is (‘orreet tln'n' 
slioiild 1)(‘ a. dit'fereiiee ladwiam th(‘ s]K‘eiti(' gravities of 
tliA' two gas(‘s, and by a. study of tliis dit'tV'rema^ it sliould 
1)(> |iossil)le to di'aw a eonclnsion as to tlir^ eonsti tutiou of 
th I' iiioh'enh^ of o/oiaa ddiai t.h<n’(^ is a. eliangi'of volume 
w ilt'll oxygen is ehangtal to ozone was shown 1)\' ejielosing 
tilt' lormt'i’ in a tube eonstrnett'd as show n in id g. 5. Tlie 
largt' ])art of the tub(‘ is furnislied witli two platinum 
w'irt's whitdi ])ass through the glass, ilv nu'ans of these 
wirt's a. silted diseliargt^ of (dt'ctiieitv is 
ki'pt u]) thr<mgh llu‘ oxygt'ii, and it is thus 
paitly convtuitMl intoozoma In tin' smallm* 
btud ])a]’t of tln^ tula" tliei't" is a small eol- 
iimii of eoiicentrait'd snlpliurie avid w liieli 
S(U-v<"s as a. stop|a'r, .\ny ehaiige in the 
volume of lilt" gas in the tube will cause 
this sul[)huric avid to (diangt' its position. 
Now, during tln^ conversion of tin" oxygen 
into ozoiK". it was noticed that tlu^ volume 
of tlie gas decreas(‘d, and lhat, on lieating 
tlie tube and thus converting the ozone 
into oxygen again, the original volunu' of 
the latter was rt'storcMl. Idd’ortumitt'ly 
for tliis purpose it is not ]iossible by any 
means to convert more than airomparatively 
small ])roportion of the oxygen into ozoiu', 
‘'‘<1 it is not possible in the experiment described to de^ 
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immiie tlw ivhiiion hehveon the decivnse in voliiiuo mul 

tho exhnit of the convention, 

Ccvtnin cthcrcnl o/Vs, n>t oil of turpentine, Inive the 
to ithsorh ozone witlnnit ilcconi posing it. -Chi>i 
fac-i has luMMi taken a(l\ aiita,-n of for tli(^ 2 )iir|)oso of de- 
teriuiiiiiii^ th(‘ coiistitutioii ol ozone. d^li (3 iiietliod con- 
sisted in ozonizing- oxyt^en, liejitinj^ some of the mixture 
and measuring tin' incnaise in volume cansed hy cojiver- 
sion iid-o oxy^e.n ; and tlnm treating soim^ of the same 
mixture' witli oil of turpentine, and ol)servinf^ the de- 
cre'ase in volume. JK this means it is ])ossil)le to cal- 
culate' the e'han<j;e'! in volume which take's ])lace when 
oze)ne'! is converte'el into e)xy^eui. Hie re'sults slioweul 
that two volumes of ozone'^ j^ive' thre'e' veilumes of oxygem, 
or when a <^iven volume of oxygen is ceinveudeel into 
ozone there': is contraedion to two-thii'ds the: original ved- 
unu'. Ae*e*e)reling to this, thee moh'emiar wc'ight ot eizone* 
by Avogaeli’o’s law must bee about bS, tor freim H volumes 
of oxvgem theiae are formeel 2 volumes of eizone, which, 
interpre'te'd accoreling tee the moh'cular the'ory, ineeans 
that thre'ee molecules of oxygen must be' conve'rted into 
two e)f ozonee ; but *> moh'e'uh's of oxyge'ii weigh IM) ])arts ; 
tlu're'fore', 2 moh'e'uh'S we'ighing the' same', the' moh'e'ular 
we'ight e)f o/eeiH' is t<S. The' t nrthe'L' e'e )ne‘l usievii is jnstitie'd 
that, while the' me)h'eade' of eirelinary e)xyge'n e-emsists e)l 
twe) atoms, that e)t eezeme* e'e>nsists eef thl’e'e' ate>ms. flit' 
elitfe'reiie'e' ma\' he* re'^ire'se'iile'd lev the' lorniulas O.^ oi 

() 

A 

() O for oxygen, anel ()., en* O () Ibr eizeine. 

Ozone in the Air. — Ne) sa.tisfaed.e)ry e\ ielenee of the^ or. 
e'lirre'iicee of e)Zom‘ in the' air has e've'i' be'i'ii furnishe'el. Ye'i v 
Jitihe if ain ihing is kneewn in re-garel to t In' e'rfe‘e*t eif eizone 
on thee he'alih. Large'i* epiantitie'S weiuhl uneh mbte'elly act 
i 11 i nriousl y. It is e'eminninly be'lieeve'el that small (|uanti- 
ties are aelvantageeons, as it teeiiels to ele'stroy substane'e s 
whieeh are iinwlnalesome. This subjeeet has not, lieiweve'i', 
be'eeii stuelied with sutlicient care to justify a peisitiNO 
e)])inie)n in regarel to it. Tln^ dilhculty in drawing a cem- 
clusiem is increased by the fact that there are other suh- 
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sf;iiH!OS prefioiit iu the air wJiieli resemble ozone in some 
!( s|)(H*ts, as, for exnniplo, hjalrogen dioxide', (wiiicdi 

Allotropy. — The ocenrrenee of afi elenieiit in two or 
]iu)re dilferont modilications is ealhul allot ropij. Thus, 
n/oiK' is called an allotropic. lormof oxy^eni. TJiere are, 
li(t\\ev('r, a nunil)(‘r of otlier case's of a similar kind. 

1 Miosphoi’us, for exani])l<', ])r<'S('iit.s itsedf in tlirc'e' or four 
(liir(‘r('nt vari('ii('s wliicJi, in somi^ re'sjx'cts, ditfer niark- 
»m 11\ from OIK' anotln'i*. (\*u‘1)on also a|)[K'ars i]i three 
ilillcri'iit forms. Wln'ther in nil case's the ditference^ l)e- 
IwiM'ii the' allotro])ie* forms of an ele'iiK'nt is elne to a elif- 
t‘('i('nc<' iu IIk' mole'emlar e'onstitntion, as in the^ case exf 
e\vjj,en, is impossible' to eh'e'iele^ at pre'se'iit, for the 
ivason tliat tlie^ niole'e'ular Ave'i^lits e>f tin' substaiu'cscan- 
ti(it,al\va ys be elete'rmine'd. Idle' fae-ts h'ariie'el in rej^ard te.) 
Ili(' le'lations betwe'e'ii ox^y;•e'n and ozone' make' it a|)j)ear 
ejuib' probable* that the' e'\|danalion whie-h lolds ^'e)e)el lor 
this case' will probablv llolel t;‘oo<l for eetln'is. 

Varying Numbor of Atoms in the Molecules of one and 
flic same Element.- It has be'e'ii poinle'el out that the' nie_)l- 
• 'e'lih'S of Inelrogt'ii, o\\p;e'iy anel some otln'i’ e'h'ine'nts 
e'ntisist of two atoms e'ae*h. \\ e' have* just se'e'ii that the 
iiioh'ciih' ot ozone* e'eeiisists ol tliTe'e' atoms. ddu're' ai'e} 
sDiiK' ('lemie'ids w hich contain a elitleie-nt nnmbe'i e)f atoms 
111 their iiiole'enih'S, ace-e naling te) the' le'uipe'rat lire. Thus, 
"'iil|ihiir is a soliel snbstane*e' wliiedi beiils at ill) (h dTie 
"pt citie L;ra\it\ e)f its vapor bedwes'ii ToO ami oOO h'aets 
the' mole'e-iilar we'ight about kbit the* atomie* 

We ight of sulphur is ve'ry m'arly 22, the'relbre' the mole*- 
^'iih' ol sul]>hur just abe)ve' its l)e)ilin<j;-])oint woulel a])])e'ar 
t ’ h(> iiiaeh' uj) e)f six abems. As the' te'inpe'ratuie* is 
' ii'^e’d, the' S])e'e'ilie' gl’avit\ be'e/ome'S le'ss, ami abeeve' SOI) 

•t >■' arespe ends to the* mole'endar we'ij 4 ;ht hi, sheewing that 
't this high te'in])e'rature‘ the' nioh'e'ule* apjiaie'iitly con- 
^i'*ts ot two atoms. Abe)ve* that point the sjie'e-ilie- gravity 
' " s lot change* materia.lly. Acceirding to the latest 
"1^ ' stigatiems on this subject, it appears probable that 
higher specific gravity of sulphur vapor at the 
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h'liipor.it iiiv IS fo Ix' .'isc*ril)(.x] h) N.ipoij' 

tioii of tli(‘ siil)sf,iiu'(‘, iiiiil flint the (evidence thut i 
molooiilf‘ is nioro coniplicnti'il nt lowi'r tlinii nt 
l(Mii|H‘inf inv is not ooiicliisi\(‘. l^icts sonunvlint siiiiil;i|- 

fli()S(‘ jiisl nirnfioiK'd li;i\<‘ Im'oii ]>i-oii^]i( (o ji^ljf in tiir (•;, 

(>f iodine, < >iil \ Inn'r the vnj)or nt tin' lowoi’ t('nij>f‘r;i( nr, h,- 
:i specilici^'i'nvitv sliow'liii^ thnt the luoh'ciih' consisls of iw^ 
atoms, l)u( at rr/T hidh tenipta'at net's tin' sjH'ritie ^L:ra\ih 
shows that tln' inoh'eiilt' eoiiinins only out' atom. TJir 
ntomie Wi'ii^lit of int'i'inin is tl:e saint' as its jnt>h'<‘iil.ii 
wt'i'dit, or, in other wtntls, the mtdeeiih' anti aitnn n/T m 
tins eas(‘ idi'iitioal. 

Nnsconi State. Onr of llio most cuiioiis 2>li<'>i( )m(‘ii;i 
c'omiect(nl with elHonicnl nclioii is thnt of tlio miscciit 
stnio. Soim^ eloimmls, Avliicli iimh'i’ ordiiiniy cii’ciiin- 
stnncos nro iiinctivi*, show (lioms(d V(‘s possi'ssc'd ol jiinrl,\C(l 
notivitv if tli(‘\'ni‘(‘ nllow(Ml to jud tlu' iiistnnt tli(*y nri' set 
fi‘(M‘ fi'om tluhr ('ompouiids. Tlius, if cnrlx)!! luoiioxidi', 
C(), nnd ordimuw o\\\ymi ni'<_‘ di’ont^lii tof^^etln'i* nt tho or- 
dinary t(mi [x'l'al m <‘, no uniioji t:d;(“S phunn 1 f,. ho w'( 3 Vni’, 
narhoii inoiioxidi' is hronglit in nontant with soninthing 
whinli easily ;j;iv(‘s olf oxy^cm, it is eoiivm tml into enrhon 
dioxidm At ordhiniy tenip(‘rat iii(‘s, for example, ehro- 
ininin tiioxi(h‘ j3;iv(‘s iij) oxyg(‘n to earhoii monoxide as 
repr('S(mted thus : 

:;(d) -[- d(’()^ + rrA),. 

« 

So, too, ] 1 \ ( lroi;(‘n at oi<linnr\ t<nn peratnia^s is an inaeti\'' 
ehniK'iit, ])iit, if l)rou;3;lit in contact with substances tln' 
instant it is set firs* from ;i com])()und, it produces niaiiv 
marked chani^i'S. AI any substanc(‘s w liich would be Ictl 
unclian^cd, if liydro;3;<‘n w(‘i(‘ passcsl o\(‘r tlnvm at ordinarv 
^b‘m])r‘ratur(‘S, an* chan^(‘d if put in th(‘ liipiid from whirli 
tin* livdrocf.ji is beinjj;’ (‘vo 1 v(m 1 . TIk' most ])lausible c\- 
]>hi]nition of hicts like tliese is to b(‘ fouml in the inoh r- 
ular theory. Fre(^ oxyj^tm and free hydrojLijeu consist "t 
molecules made u]) of atoms which are in combinati"i> 
wdth (Uicli other. Itefort' these molecuh'S can act cln'iiii- 
(•ally they must be brcjktni up into atoms. When carb ai 
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monoxide in broiiglit togetJier witli oxygen in the inole- 
ciiliir stnte, the condition is represented tliiis : 

co + o, 

Ilrdore coinbinntion can fake ])laco the molecule, 
must be decomposed as represented thus: 

O, / O; 

ihe a to/ns of oxvpen Hum combine with the carbon 
monoxide'. Now' thi^ri' aix' some' substance's wliicli yield 
owge n ntonis iiioix' re'adily tlian oi-dinar\ ox\'g(ni does. 
This is ti ne of cliroiniii rii trioxide', ( h ( wliieh in con- 
tact M’itli substancios that liave tJio ])()wei’ tea ceeinbine 
with ox vgen bre'aks np tlius : 

2(h-()., = CvJ)^ + O -j. O -}- (). 

When liyehe)ge'n is lilu'i’ale'el from a e*e)m])e)uiiel by 
clie'inieal ae-tiem tlie^ nnceuidnne'el ate>ms are lie'lie'veel te> be 
; 4 i\e'n ehf fii’st; if there' is iiotliing pre'semt xvitli wide*]! 
the' liyelreige'ii can ceimbine', the'se' atoms combine with 
e'ae li eitlu'r ill pairs to form th(> meilecnles of orelinarv 
iiy(lre)j_!;e'n. 

riie' exani])les fni-nislie'd by alhitreipism anel the\ ])he- 
iioiiie'iia e)f the nasce'iit state' slow how che*mical facts 
which eithe'i'wise appe'a,r entire'ly inceimprehe'iisilde are^ 
sitistae'tori ly e'xplaine'el lay the* aid of the^ meeh'e-iilar 
the'orv. 

Hydrogen Dioxide or Ilydrogon Peroxide, — W lien 
hatium elioxiele is tre'ate'el with hyebaichloric acid or di- 
J'lte' sulphuric acid the' re'actieins represented by the feil- 
i'oving e'epiations take jilace : 

BaO, + 2HC1 BaCl, + ; and 

BaO, + H,SO, BaSO, + H,0,. 

Ill the latte u’ case the compound BaSO^, or barium 
^'dphate, is insoluble, and the liquid can easily be sep- 
''’"it»nl from it by filtration. If the liquid is boiled, 

'h ceinposition of the hydrogen dioxide takes place, oxy- 
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gen boiiig libcmtod aiul Avater left beliiud. Tbe decom- 
position is represented tlius : 

2H,/ ), 211,0 10,; or H,0, :=. 11,0 + 0. 

Tlie dio\id(5 can be obtained in tlie form of a color- 
less li(]nid by allowing the solution to stand in a vacuum 
over sulpliuric a,cid, or l)y distilling its solution in 
a vacuum. It boils at 84' “Sd ' under a pressure of 
()S mm. 

Proportios,— Hydrogen dioxide is a clear, syrujyy liquid 
Avliich does not solidify at - dO'^. It is characteri/aal by 
marked instability, it bnaaks doAvn slowly even at oj- 
dinarv t(mip(U*atnres if simydy^ allowial to stand. The de- 
coTuposition takes [)lace easily under the inlluenco of 
lieat, and if heat('d rapidly to lt)0' exjdosion is apt to 
take place. Tdie ])!‘oducts are water and oxygen, as indi- 
cated above. In consecpience of the ejisci Avith which liy- 
drogen dioxide gives oil oxygen it is a good oxidizing 
agent, a, ml it is now rnanufacturcMl on the larg(‘ scale for 
use in blea(*hing and in meditdmg and (*onies into tlm 
market in solutions of dilleieni stiamgths. ddie solution 
lias a l)ittei- taste ; if (‘oncentratcal, it allecis the skin, 
causing a, pricking sensation, and making whiter s[)ols, 
whi(*li, h()wev<M', disaj)p«‘ar in a, f(.*w hours. As livdrogmi 
dioxides cannot Ixi c(mv(Ml<Ml into va,])or, its moleculnr 
weiglit cannot Ix^ (hdermim'd 1)\" tlu) method of Avo- 
gadro. 

1 teteJiiiinations made b\' other methods, d(q)(mdiiig 
ujx)U obscu'vations on the fr<'(^zing-point of its solutions 
(s( 3 (‘, (dn-qder X X 1 I I ), show that its molecule is rej)! * - 
sent(Ml by the foi’inula N./Vj, and not by Ht). Assuniing 
th.at tlui formula is III),,, whal is the constitution? W *- 
*have very litthi (deal’ vidcunxi on this point, but tln^ most 
]»revahmt aIiov is that tln^ atoms aa’i^ conmx’tixl as repre- 
•Senteal in the foi’inula, II O O il, in which the oxvg " 
at(uns are in coml>ination with each other, and also Avidi 
hydrogen. The ])riucipal ground U])on which this c<'M- 
ception rests is that this is tlui (^idy Avay in Avhi(di two 
hydrogen atoms and two oxygen atoms can be joined ? > 
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if tli (3 oxygen atoms are bivalent and the Ijydio- 
,,vn aioiiis uiiivabnit. 3diis, clearly, is not good evidence, 
as it is quite possible that oxygen may not be bivalent in 
this compound. Indeed, tliere are some facts which 
scimi to show ])retty conclusively that tln^ oxygen atoms 
•o'c ([uadrivalent, and that tlie constitution of hydrogen 
dioxide should be represented l)y the formula 


H-O - O-H. 


It is impossible here to discuss the significance of this 
formula. Sullice it to say tliat it is largely based upon 
file results of observations on the refractive power of the 
compound. 

Occurrence in the Air. TJiat hydrogen dioxide otauirs 
iudhe air has already been stall'd. Tt is also found in 
rain and snow. The quantity in the air is (^xtrmm'ly 
small, and it varies at ditl'ermit tinu's of the day, the 
adion of sunlight being evidi'iitly favorable to its forma- 
tion. 

Characteristic Reactions. — lalo' ozone, hydrogen diox- 
ide decomposes potassium iodidi', si'tting iodini' fria' : 

iUb I = liKOll -f I,. 

Tliis fact niav be iitilizi'd for tin' purposi' of dt'tecting 
(he componnd. ddn* si'paialion of the iodiiu' doc's not 
t.ik(‘ [dace I'l'adilv as in tlie case id’ ozoin', but tin' action 
is hastened I>n tin' addition of a vi'ry small (piantity of 
I diluti' solution of ferrous snl])hat(', I'd'St),. — An acid 
sidntion of ])otassinin ]M'iinanganat(' is d('colo]iz('d by 
hydrugi'ii dioxide.— If in a. glass cyliinh'r ii layi'i* of ('tln'r 
is [loiiicd n[)on a solution of hydrogen dioxide and 

drop of a solution of potassium dicliromate is then 
addl'd, and the cylinder thoroughly shaken, the I'ther 
sill take up a blue com])oiunl, and will itsidf becoiin^ 
Idlio. 

\\ hen hydrogen dioxide is brought together with sub- 
stances which give up oxygi'ii ri'adily, action generally 
lakes place involving decomposition of the hydrogen 
iioxide as well as of the other substance. Thus, when 
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it is brought together with silver oxide, Ag,0, tliis reae^ 
tioii takes ])laee : 

+ ^2^ ^3 — ^^^3 l~ 

8o, also, it uiidergoi^s deeoin 2 >ositioii with ozone as rep- 
resented tlius : 

(), + iiA h;() 1 20,. 

d'lie e>:[)lanati(>ii of tliese faets is to be found ])artl v in 
th(‘ altraetion of tlu' atoms of oxs'gmi foi‘ (aich other. 
In tile molecule of silv(M' o\i(h‘ and of livdrogtm dioxide 
th ere is an atom of oxygxm which is la'ld loosely. When 
the substanc(^s art' brought togt'tlitu' l lit^st' loosely com- 
bined atoms attract and conibim^ with each other, as 
may be >-e})rt‘sented thus ; 

(():)( ) + ( )(H,( )) (), -I- 4- H4 ). 

Thormochomical Considerations. I>y methods wliicli 
need not bt' d(‘sci ib(*d Inu't*, it has Ixa'ii determined that 
when ozone is con vt'ilt'd into oxvgtui lu'at is OAolvtal, 
and the tlKumioclnunical (‘(|uation (expressing the facts is 
this : 

20, ^ A - - + 2 X ^10,200 cal. 

In accordanct' with tlu' e\])lanation given on page 117, 
this means that wIhmj two moh'cuh'S of ozone are coii- 
Yerted into thi‘(M^ moh'cuh's of owgem 72,400 c. an^ 
evolvt'd. So, also, w In'ii oxyg(‘n is con veiled into ozone 
heat is absoi’bed, the e(piation Ixung 

(0„ O) . (X, : „ :JO,200 cal. 

lo conv('rt oxyg(m into ozone tlnu'cifore requires an 
addition ol ('lu'igy. A rc'action w liich rc'cjuires an addi- 
tion of h(*at is called an cndofhrrnnr rcniction, and one 
Avhicli takes place* with an evolution of Innit is called a.n 
c-.rn///cr/a/c' reaction. In geunu'al, that exotlnunnic reacli'ni 
Avliich is accom])ani(Hl by the greatest evolution of h(':d 
takes j)lace most readily, and (mdothermic reactions do 
not take place without the additiim of energy from witii 
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nuh In tlie Lingusigo of 2 >liysics, we say that ozone con^ 
tnins more energy than oxygen, and therefore it acts 
more readily. 

Somewhat similar relations are observed between liy- 
hrogmi dioxide and water. Tlie decomposition of the 
dioxide into water and oxygen is acconi 2 >anied by an ovo- 
hi lion of heat : 

H,0, H,0 + O = + 23,100 cal. ; 

and the formation (d the dioxide requires the addition of 
tli(‘ same amount of heat : 

(11,0, O) = - 23,100 cal. 

In order to get the dioxide, therefore, the reaction must 
he of such a character as to furnish this amount of heat. 
In tin' action of hydrocldoric acid upon barium dioxide 
Micne is more heat evolved than is required in the forma- 
tion of hydrogen dioxide, and therefore the formation in 
this way is j)ossible. 



CHAPTER VIII. 

CIILOHlNE-IiyDllOCllLOUlC ACID. 


Historical. — Sodiimi clilorido or coinmou salt, wliicli is 
tlie principal cliloriiu', coniponnd found in nature, lias 
liecn known for a verv long tinn'. Tn 1774 Sclieele first 
called attention to chlorine in his tr(‘alis(^ on the hlack 
oxide, of manganese or inangam'S(^ dioxide. In lua-ord- 
ance Avith the ideas tlieii prevailing, he called it dephlo- 
gisticated niuriatic aci<l. I>ertholl(d snggr'stml in 17(Sr) 
that it Avas oxidized hvdrcxddorii’ acid, and it aa as then 
KAgarded as consisting of tlie li a potlndiixa 1 (dcnmnit, //w/ 
rnnn, in coinhinaiion Avith oxygnni. In LslO DaA v j)oint(Ml 
ont that the idea, |)r(‘vionsl v (cxpi’cnsed 1 )a- ( laA -liussac* 
f'lnd Theiiard, that the siihstaiice is an eleinejit, is in tln> 
liigln'st d(\g]e(‘ prcvhahlc, and In' gave it tln^ name chlorine 
(from l7\ro/>>os, gr('(misli-\ (‘Ilow ). Since that time eA^ery- 
thing learinxl in regard to cliloiliie has gone to shoAV that 
it is an elenn'iit. 

Occurronco of Chlorine.— Though Avidedy distributed in 
nature, chlorine nec'er occurs in the nnconiliined stat(', foi’ 
tlie reason that it comliim's with otlu'r substances Avith 
great eas(', and, if it Avere s(‘t tree, it ANould at once ent('r 
into comhination. It do(‘S notocc.urin Aery large (juantitc 
as compaiTMl A\ith oxygem and hA'drog('n. It is foujid 
cliietly in combination Avith tln^ (‘hnneiit sodium as common 
salt, or sodium chloihh', a. compound of the composition 
r(;pr(>sented by the formula Nakd. It is also found in 
combination Avith otlnu' (dcimnits, as 2)otassium, magm'- 
siuin, etc., as in the ccilebrated mines at Stassfurt, (hn- 
many. Jn comparatively small quantity it occurs iit 
<‘ombination Avith silver, forming one of the most valua- 
ble silver ores. All the chlorine Avliicli wo have to deal 
A\ith is made from common salt. 
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Proparation.— Tlio ])r()l)lera to bo soIvcmI iu tlie propa- 
raiioii of cliloriiio from common salt is tlio separation 
of tli(i two elements sodium and chlorine. This cannot 
ht! ;u*eoni [)1 islied dii'octly as the sejiaration of mercury 
and oxyj^eii in tlui d(Ha)mposition of nunam l ie oxide, I !<'( ), 
;iiid t luu-e is no t'asily obtaimul compound which f^ives oil 
cliloi iiu; when lieahnl. 'The method ado[)t(Ml consists iji 
nin kiii;^^ hydrochloric aci<l, IK 1, from sodium (ddoi idc', ami 
tlicn tr(\‘itint 5 this acid with some, snhstaiic'o ^\ hicli la aililv 
^ives oil oxyj^ann The cliam^^e of sodium chloimh' to li \'dro- 
cldoric acid is lanidily accom])lislnMl by tia'alin,^ salt with 
oj'dinai’y sul})huric acid — a rcaacticjii carried on on the 
Luyc scale 111 till' manufactuie of sodium carbonate^ or 
“soda.” W Inm th<‘ t wo are brought togidhei' a chang(‘ 
i;ik(‘s plac(' which will be studiial more in detail farther 
on,. Tln^ i(‘;|,ctinii is i'o|ii'(‘seiit<:'(l l>y t]i(> eqiiution 

(1) 2Xii( '1 I ■ ] l.,K< )„ = K;i,S( ), -I - 211( n. 

Sodium Sul|flmiio Soiiniiu IIy<lro«*liloric 

<dilori(lo :UM(I stilphatu acid 

AsA\ilI !)(' seen, the sodium of the sodium chloride and 
the hy( li'ogen of the sulphuiac acid exidiange places — a 
hind of action whi(di is <[uit(' common. 

I he <h'com])osition ol tin* hydroiddoric acid and libera- 
lion of chloiiiu' umh'r tln^ inllmnu'e of oxvgem takers place 
as ro[)res(‘nted in this ('([nation : 

:2nri I 0 = ii^o + ci. 

As there is an unliniit(‘(l su|>[dy of oxvgs'ii in tln^ air, it 
^^oiild he ad va n tag(M )us ii tlu' (h'coin jiosition of the In dro- 
rhloi ic acid could lu' (dletded by nu'ans of the eh'inent in 
Ihc state. J>nt inn' ovygmi alom^ will not accom- 

plish tin' (diaiige. A [)roc('ss has been inv('nt('d, how- 
<eci, lor the manulactur(* of (diloriiu' outlie large scale* 
'' Inch depends upon tin* d('com])()sition of hydroidiloric 
id In tln^ oxygc'ii of tlu' air. This is Dc'acon’s ])ro(*ess. 
f ( oiisists in passing hydrochloric acid and air together 
Ihiough a heated tube containing clay balls saturated 

'\dh a solution of copper sulphate, and then dried. If 
7 
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the temperature of the tul)e is not raised too high the 
copper siilplnihi nuiiains iiiichangxul. Exru'tlj why the 
oxidation of the hydroehloi'ie ji/*id takes place under 
these circunistances is not positively known, but it prob- 
ably d('])(‘nds u 2 )on the formation and (hH*(3mposition of 
intermediate products. Dc^acon’s pro(*ess is used qiiii > 
exteusivel}' on tln^ continent of Jhirope, while in J^higlaud 
and Scotland another method, a])parentl 3 ^ more compli- 
cated, known as AVcddoii’s ]>L'oe('ss, is cliicdly usc'd. In the 
laboratory chlorine is gemu-ally mad(‘ by ti‘('ating hydro- 
chloric acitl with manganesci dioxide. Tlu' reaction is 
represented thus : 

(1) MnO, + -fflCl INFiid, + 211/) + C\. 

This is explained by the tendency of hydrogen to com- 
bine with oxyg(ui to form wahu’. \\ hen the compound 
MnO is tnnited with hydi-ochloric acid, this reacthni 
takes place : 

MnO -f 2H(1 iMnCl, + H/). 

Tn this case there is a simjde exchange of places by the 
manganese and hydrog(m and the oxygen and chloriiKs 
the great allinity of hydrog(*n for oxyg(Ui Ixdng a ])romi- 
nent cause of the {diang(‘. 

So, also, when mangain'se dioxide is treated with hy- 
drochloric :i.('id, the oxygen may be tirst replaced l)y 
chlorine, as represcmted in the e<juation 

MnO, g IHOI :\ln(1, / 211,0. 

But the compound Mn(d, giv(*s up half its chlorine when 
heated : 

]\In(n, ^ ]\rnCl, -1 Cl, ; 

so that the action of hydrochloric acid on manganes*' 
dioxi<le is i<*p](‘sented by the equation (1) above. Sonw' 
recent investigations mak(3 it appear ])rol)al)le that ll"' 
reaction is more complicated than it is here repr(- 
sented to be; that the lirst product of the action <>: 
hydrochloric acid on manganese dioxide is a compound 
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.,f (lie eoDiposition H,MnCl, (or lI,]\rnClJ ; and that this 
Incaks down mider the iniliKnice of heat thus ; 

lf,MiiCl„ MiiOJ., + mci + Cl. 

'rii(‘S(‘ reactions will l)e takcni np nnd(‘r the liead of Man- 
;^^iii(‘se (which see). 

Instead of making hydrocliloric ac'id from salt, and 
tlicii t'(‘ating it with manganese dioxide^, it is better to 
7iii\ lln^ manganese dioxide a, ml common salt together, 
aixl H|)on the mixture the n'H*('ssar\' (piantity of 

siil]>liiiri(' acid, in tliis case tlie manganese dioxide and 
sulj)hiiric acid give oil oxygeui, and the ('ommon salt and 
suljiliinic acid give olf hydrocliloric atdd. The oxygen 
then oxidiz(‘s the hydroeddoric acid, and chlorine is liber- 
ated. At least this is a jirobalile ex])lanation of the reac- 
tion, for it is, known that when manganese dioxide is 
ii(‘;it(Ml with sulphuri(* acid oxygen is liberated, as repre- 
siMited in th(‘ eipiaiion 

i\ln( b + 1J,S(), : - MnSO, + H.O 1- O. 

Weldon’s Process. — As ther(‘ is a large' (h'lnand for 
clil()iin(y much attc'iition has b('(*n given to the improve- 
nieiit of the methods for its ])reparaiion. One of the 
ohj(M ti()ns to the ordinary nn'thod is the comparatively 
high pi i<'(' of the miiu'ral, manganese dioxide. As this is 
<'oii\ ('it(Ml into the (diloridtg ArnOf^, in the ])re])aration of 
chhn in(', and the chloride is of in'! value, the ex]iense of 
pt’cj i;ii’;di()u (piite high. A ])ro(*ess has Ik'c'ii invented 
h>i- Ili(' ri'gciKuatioii of tin' manganous chloridi', ATnOl^, 
t'M‘ (he (‘()uversion of this conipountl int<^ an oxvgen 
<''"ii|)()und which with h vdi’ochloric acid Avill give chlo- 
I Ills is W eldon’s j)ro(*ess. It will Ix' taken up 
uiidt'r the head of Alanganese (which see). 

tllcctrolytic Process. — A'arious jirocesses haxe been * 
h‘vis(!(l tor the ])repa.ration of chlorine liy the action of 
clnctric current on a solution of sodium chloridii or of 
h \ (111 x'hloric. acid. Such electrolytic processes are now 
e.s(', and by means of them the price of chlorine has 
h(MMi much lowered. 

X'roporties. — Chlorine is a greenish-yeHow gas. It has 
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ii disn^rocnhJe oJor, acts upon the iiienihraiios linjj 
tljo throat and Jioso. causing irritation and inflaniin.iii,, 
siit^^n'stini,^ a “cohl in tli(‘ juaid.” Inhaled in roiKC] 
tratrd iorni it caus.'s dc'ath. 1 ts s] x'cilic oj-avit v at ‘J( 
is li. lS (air . J J, and as compared witli Ji vdroL^cn i| i 
1)5. IS. A iiter of chloriiu' ^*as, uiidov st'Ujdurd condilioii^ 
wc'J'djs d.K/J o/vi/irs. It IS soluhle in wntnr nnd nets 

n])on niriviiry, :iud tlicrnforc cnniiot hr colliu'tnd /m dih- 
jdacez/amt of oithrr of Hk'sc /hpih/s. Tho most amvini- 
icni WHY to colhnd it is }>\ displuntmicnt ot nir. It enii 
:dso l>(‘ roili'cird (nov Avarni water in wdiirli it is l(^ss 
sojnhle tliaii in c‘old water, or ov<'r a saturated sointi-m 
of sodiimi eliloride in whieh it is I)nt sJiolitIv solnhle, 
it is (sisih eoinpi('sse<l to a. Inpiid, and is now sold in 
this form in east-iron cvlimU'rs. 

it is a. rtonarkably activi' snl)stan('(', combining with 
(n’ acting in some way n})on most, otlnu’ substanecas e\(‘H 
at ordinary tempt'ralui‘(‘. ^Ldiis activity may be illus- 
trat(‘d by introducing into vessels coJilaining cliloriin^ a 
litth' tinely powdeiaal antimony, a few picaa^s of tliiii 
copper-foil, a pieer* of paia-r with ink-marks on it, sonic 
ilo\s(,4‘s, and ])ieces of cotion-[)rints. The antimony will 
take iire and a whio^. substa.nce will be foiamaL d'hc 
reaction is represent<Ml by tln.^ following equation: 

Sb -1- :\C\ ::-S SbCl,. 

Tlie c“o])])(n;-foil also tak(‘s ib'e, and is converted into a 

chloride as lU'preseiited thus: 

% 

CU + '2C\ z:r. OuCl,. 

Many other substaiu^es nnit(‘ dij'ectly with chloiinc 
with (solution of ln*at and light, Jind form conqxniinis 
which are calhal chlorides. This kind of action is "f 
the same character as that which takccs place 
oxygen. Thercj is, however, this ditrereinic between r* ' 
actions in oxygen and in chlorine : the latter frequently 
take place at ordinaiyy temperatures, whereas those in 
oxygen require an elevation of temperature to st.of 
them. In both cases the gases combine with the other 
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gubstaiices direcilj^ and disa 2 )])ear as siieli, and tlie 
Ji(^lit and heat are caused bj tlio act of combination. 

Jlrj' liquid clilorine, abits boilin^^ temperature (-—33°. 6) 
does not act on potassium, sodium, or aluminium. 

^riie action of cldorine n])on iidc, ilowcu’s, and cotton- 
jirint illiistrabc's its ])ower to IL'iich. It is important to 
ij()/i('c that if the colored objects he iiitj'odiiced dry into 
(lr\ (‘liloi'ine the action do(‘s jjot babe ]>iace. 31oisture 
is t;('/ieiaJI essfuitial to tJi(‘ hlenchinu^ J)y (dilorine. 
blilorim* acts dircdly upon some dve-stuilU, co7ivei’ting 
Ijiciii into colorh‘ss substan('(\s. In otlnvr cas(\s it lias 
show Ji l liat th(‘ desti uction of tin' ('olor is due to 
tli(‘ a(*tion of oxygen, wliicli is s(‘t free from water ])y 
cliloriin'. In direct sunliglit (dilorine deconqioses waater 
iiccordiii^^ to tlie ('(| nation 

11,0 1 Cl, 21101-1-0. 

This decomposition can b<‘ illustratml l)v tilling a 
Jong tube witli a solution of (dilorine in water, and in- 
vi'rtiiig it in a shallow vessel containing some of the 
sann- solution. If this is plac('d in th(‘ direct sunlight, 
hidihh's of gas w ill be sei'U to rise in the tube and tlu'sii 
will colhct at tli(‘ to[), w hih', tln^ color of tin' solution, 
which was at first greenish-yellow like that of (ddoriiu', 
will (lisa |)))(sir. ddie gas wlibdi colh'ad.s in the ipi^ier 
])art of lh(‘ tula' is oxygi'ii. 

Th(' disintegrating action of (ddorim' U])on substances 
<»t animal and v('g(‘ta,ble origin may la‘ illnstrati'd liy 
iiioist('Miiig a. j)i('c(^ of tilter-pa.j)('r w ith some oil ot tnr]a'n- 
lhi(‘, and iidrodueing it into a vessid of (dilorinm A flash 
‘d light is se»ni, and a dens(* blacdv (dond is fornu'd. 

I he hla< k substanc(' is mainly carbon. Oil of tiuqaui 
tiiK' is a comiiound of carbon and hydrogen. Clilorine 
;d)stracts the hydrogen from the carbon, leaving the 
lalti r nniiidy in the ii ncomldm'd state. If the (dilorine 
Is allowed to act slowly upon the oil of tuiqa'ntine and 
■'^nnilar organic substances, the chlorine is substituh'd 
‘‘it' nil for atom for the hydrogen, and a series of so-called 
^uhstitution-jiroducts is obtained. 
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Cliloriiio dissolves rc'fidily in water and forms a sola, 
tion kjiowii as (ddoriin^ water, it has the odor and color 
of the gas, and it is frecjiientlT used in the laboratorv 
instead of tlie gas. From what has been said it is (ni 
dent that it must Ix^ kept protecbul from tlie sunlight 
or d(‘com|»osition will take place, resulting in the forma- 
tion of hydrochloric acid and oxygen. 

Diffbront Kinds of Action. — A caiad'ul study of the dih 
ferent kinds of action exliibit(Ml by (‘hlorine shows that 
they may be classified und(‘r three heads : 

(1) First it acts by direct combination with elements 
as in the (‘xp(u*im(mts witii antimony and cop})er, and, ;is 
will b(‘ shown, with h\(li‘og(ui and many other elenumts. 
Just as the conn)ounds of oxygen with other (deimmts 
are calhal o\id(‘s, so the com])onnds of chlorine with 
other ehuiKMits are calhal c/t/orii/rs, IMius the compound 
of antimony and chlorimv, Sb(1„ is called antimony chlo- 
ride ; that of zinc and chlorin<‘, /nCd.,, is calk'd zinc 
chloride; ('tc. In case an ('k'.nu'nt forms mor(‘ than oik' 
com|)ouiid with chloidue, tln^ imnu'S us('d to distinguish 
between them ai(' similar to those us(‘d foi* oxides. 
Mercuiy forms two chloriih's which hav(‘ the composi- 
tion rejn'esc'iib'd by the foinnulas HgC'l and llgCd,,. Flic 
one with the smalh']* j)ro])ortion of chlorine is calh'd 
e/y/orh/c, and tln^om' with the largei- propoi- 
tion of chloriiu' is called mcrcnric rhioridv. So, too, 
there are two chlorides of iron which c( )rr(‘S])ond to the 
formulas Fe( and The fornn'r is calle<l/cr/vy^/.v 

efdorule, and tlie lattei* /c/t/c (‘Idoridr. 

(‘2) ddie second kind of action of (*hlorine is that Avliicli 
is calh'd sulistitution. This was referred to in conm e- 
tion with tlie action of chlorine on tln^ oil of tiiiyientiiic. 

^The general charactm' of this kind of action may^ be ("v- 
plained by the ai«l of tln^ following (‘xample. Tlu'ri' is 
an important compound of (airbon and hydrogen called 
benzejK', Avhiidi has the formula C«H,. Wlnm chlorine is 
passed through this compound, which is a liipiid, a gss 
is given off Avliich can easily be shoAvn to be hydro- 
chloric acid, HCl. Tliis action continues until theri^ is 
no hydrogen left in combination with the carbon, but in 
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|)l;ic'() of tlio benzene tliere is now a eonipomid of the 
forniiila 0^(3, 13iis lias been shown to l)e the tinal 
])ro(lu(*t of a series of reactions represented by the fol- 
lowing eipiations : 

+ HCl; 

C,H,Cl +C1, == 

1-ci, mn; 

(d.. - + HC3 ; 

C,lUd, ( Cl, (\HC1, +HCI; 

c„Hci, I Cl, -c,(3, 4 nci. 

Tn <‘.L(‘h stage ont' a.toin of <'liloriiie is siibstiiuied for an 
aloin of Jiydrogen, l)iit tlie li^'drogon does not esca[)e as 
such. It combines witli chloilne and passes oil' in the 
form of hvdrocldoric acid. 

(M) T}i(‘ lliird kind of action is tliat noticml in ])l(‘a(*h- 
iiig, which dep('iids upon the decom posil ion of water 
and the escajU' of oxygen as alian-nly explaiiuMl. Tliis 
action do(m not take pla.(*e in tlu' daa’k, hut does take 
|)lac(‘ rmadily in the diiaa.d, sunlight. W'e hav(', how<‘V(n', 
s('(m that wlien o\yg(m acts u[)o]i liydiaadilorie acid 
iindm- ])roper conditions wat(‘i’ is fornuHl and cldorine 
!^'‘t It aj)p(*ars, tlnuad'on^ that, under some cir- 

<‘miistances, tlds la'action is possible : 

2HC1 4 O ^ H,() I Cl, ; 
und, umh'r other circumstances, this one : 

11,0 4- Cl, =. 2HC1 I- O. 

1 In^se facts appear to be contradictory. "VYliat part the 
•^nnli^lit ])lays is not known, thougli it is well known that 
d is capable of producing a, giamt variety of cliemical 
chatig('s. AVI’! shall soon see that it is only necessary to 
‘‘how it to jict for an instant n])on a mixture of hydrogen 
j‘"d cldorine to cause them to conilune with violence. 

^ d('M, too, the various processes known under the general 
ii unc of photography de])end upon chemical changes 
** ought about by the suidiglit. Leaving out of eonsid- 
m .‘iU()u this kind of action, the decomposition of hydro^ 

^ hloi'ie* acid by oxygen and that of Avater by chlorine cay 
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l)e explained hj a consideration of tlie lieat relations, 
The heat evolved in the forniatioii of 1 molecule of water 
in the ^eiseous form is 58,000 cal., while that ahsorhed in 
tlie d(u*om position of niolecuh‘S of hydrochloric acid is 
44,002 cal. Tlnu-efore, the rt'action, 

21101 1 O ^ 1T,0 + Cl„ 

is accompanied Ly an (^volution of heat. It is exo 
tliermic, and can take |)lacc without the addition of 
emu-^y from without. If water is formed as a liijuicl, 
the heat evolved for 1 molecule is 08,857 cal., while that 
(evolved by the formation of 2 molecnh^s of hydrochloric 
acid in solution is 78,0.80 cal. Tlu'rt'loj’e, the heat 
evolvtul ill the formation of hydrochloric acid in solu- 
tion is greater than tliat laspiired to d(‘compose water, 
and this reaction takes [)lace. 'This doi'S not, however, 
explain what part the sunlight plays in the process. 

Chlorine Hydrate and Liquid Chlorine. - When chlo- 
rine gas is passed into watcu’ cooled down almost to tlio 
free/ing-])oint, crystals appear in tln^ vessel. Tlnise con- 
sist of (4ilorino arid watm; as r(q)res(‘nte(.l by the formula 
<T 5H,I4 ; or, assuming that it is fornn'd by the com- 
bination of the molecaih's of chlorine with water, ilu^ 
formula should bo writt<m (T.^ -f- 1 giv(iS olt 

chlorine at tln^, ordinary temperature and, if allowed h> 
stajid, undergoes completes (h'compositioii iido cdiloriin' 
and wat(U’. If gently hcat(Ml tin* chloiiiui is givc'ii ^il 
rapidlv. This fa<4, was takem advantage' of by Taaaday 
tor the pur[)ose, of subjecting tln^ gas t<» high pjt'ssiiio 
and low temperatu la*. Tor this jnir|)os(' lu' j)lac(M[ some 
of tlie hydrate in a strong glass tube of the foi-m lag)!* - 

sent(Ml in Idg. b. 4di(‘ com- 





8 . 

tlu'se circumstances the 


pound was put in the ])art of 
the tube marked ah, and the 
oth(‘r mid, c, then sealed. Tlie 
arm (tb was warmed by di|o 
ping it in Avarm water, while 
the other arm was placed m 
a freezing mixture. Und' i’ 
chlorine is given off from tlie 


hydrate, but being unable to escape from the tube tho 
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prossuro is increased to such an extent that at tlie low 
(eiii pci aturo the g;is assumes the liquid form. 

Applications of Clilorino.- — Chlorine is used very exten- 
sively ill l h(> arts, |):irtimil;irly for the ])urpose of bleach- 
ing. It is also us(mI for th(‘ manufacture of a large num- 
l)er of compounds which coidain chloriiK', ih(‘ [nincipal 
oiu's being lihsaiOiing ])owder or (‘alcium hy])ocldorite, 
and potassium chlorate'. If iis(‘d in sullicie'nt (jiiantity 
chlorine is a,n ('xcedhmt disinfectant and deodori/an-. 
iU far the largest (piantity of the (ddorino inanufactured 
is converted into bleaching powdi'r or calcium hypochlo- 
rite, as this cam bo couvi'uh'iitly t ramsported, aud the 
cldorine can be obtained from it when desired. It is 
only necessary to expose it to the air to ellbct a partial 
decomposition accompanied hy a liberation of chlorine ; 
and the addition of hydrocdiloric or sulphuric acid causes 
it to give it up completely, as will lie shown farther on. 
This bleaching powder is now used almost exclusively 
instead of chlorine gas for bleaching. 


HYDKOCTTLOinc Acih. 

Historical. — Hydrochloric add Avas first prepared in 
large quantity by Glauber in tbo seveiiteonth century, 
and his description is not unlike those which one fre- 
(jinmtly reads nowadays rehn-ring to some patent medi- 
due. The method of preparation ns(‘d l>v liim Avas the 
same as that used at })res(‘ut, viz.^ the aetion of sulphuric 
acid upon common salt. 

Study of the Action of Hydrogen upon Chlorine. — If hy- 
drogc'ii ;iiid clilorine arc brouglit tr>g('th('r in the dark no 
ac.tiou takes place, no nialtcu* how long they' arci allowed 
stand togtdher. If, hoAvevc'r, tlui mixture is put iii 
dilluscd suidight, gradual combination takes place; 
"al if tiu} diiaud light of the sun is allowed to sldiie 
I'U- aai instant on the mixture, explosion occurs, and this 
Is the sign of the cu)mbination of the two gases. The 
s ime sudden combination is elYectiul by' ap})ly'ing a 
ilamc or spark to the mixture, or by illuminating it in- 
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stantjiiieonrtly witli tlie light from huniiiig magueHium 
or au electric liglit. On comparing tliese facts Avifii 
tlios(^ leariual in studying the action of liydrogen on 
oxygen a marked dilh'nmce is evident. Hydrogen and 
oxygim do not comhine (dtlnn- in tlie dark or the direci 
snidight, hut only when a s[)ark is hrought in contact 
with the mixture. 

Aiiotlier way in whi(di hydrogcm can i)e made to 
comhine with chlorijie is hy introducing a jet of hurnin^ 
hydrogen into a vi'ssel containing chlorimn Tlu' hydio- 
g(m Nvill continue to hum, hut t lu' tdiaractcu* of tlu^ llaiiit^ 
will changes comphdely, and ad)ov<‘ tlu‘ Nesstd wliih' 
fumes will he ohs(vrv(Hl. d'his hurning ol! liydrogcm in 
chlorine is entirely analogous to tin* hurning ot! liyilro- 
gen in oxygnm. It is sinij)ly an act of <'oin hinatioji oi* 
the two gas(‘s, in each case, accoin [ninied l)y an e\olutioji 
of light ami land. And just as oxygnm can he l)urned in 
hvih'ogtm hy a prop(‘r arj-ang(mi(mt of a])paratus, so 
chloriiK' can also In; l)urned in hydrognui. 

d’o det(‘miine the relation hetwanm the volumes of liy- 
drogen and chlorim; which comhine Avith (nach othei’ and 
the volunu' of the y)roduct foinuMl is more' dillicult than 
ill tlu' case of h\(lrogen a.ml oxygiui, mainly for tin.' rea- 
son that tddoriiK' acts upon imu'cin v and is dissolvml hy 
water. It is necessary to procaaul indirectly. 

Tnst('ad of causing hvdr(>g(‘u and chloriiuA to comhiiny 
liydrocliloric acid is d(‘(*om])os(‘d and th<A voluiiu's of IIha 
hydrogen and (ddoi ine ohtaim'd jiia' (hdermiiKMl, ( )n(‘ 
method of eltecting this consists in (h'composing hydi o- 
chloric acid hy an (dectric curiamt in an a[)[)aratiis 
like that referred to in conmu'tion ivith tln^ (h'coin- 
])ositi(m of water. As chlorine is, hoAvevcu’, soluhle 
in Avat(‘r, the ap[)aratus is tilled with a saturated soluti on 
of common salt to Avhich a strong solution of hydi"- 
chloric acid in water is added. On passing a fail I v 
strong current, the hydrochloric acid is decompost' I, 
hydrogen being given off at one pole and chlorine at 
the other. For a given volume of hydrogen the same 
volume of chlorine is liberated, Avhich makes it aj'- 
pear probable that hydrogen and chlorine are combined 
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ill hydrochloric acid in the proportion of volnnic to 
vol lime. 

hor the purpose of furtlier studying tlie volume re- 
lations, the following expiu'iinent is of value. A tube is 
^^(hI with hydrocldoric. acid gas. vV small [)ie(‘e of ])o- 
tassiiim is tlieu introduciHl, when decomposition takes 
place as repi’eseiited in tln^ (‘((nation 

K + liCl ^ K( d f . 

j' 

gas left in tlie V(‘ssel is hydrogen, as can eut=^iiy be 
shown. On measuring its Yolum(‘ it is tonnd to be just 
half that of the liydrocli loric acid gas dee(>m])os(‘d. 
Taking tins fact into consid(‘ration witli the fact tliat 
wh(‘n(‘V(n* hvdrochloric acid is d(*com()os(‘(l by an (‘leidric 
(Mii’rent ('([ual volunn's of li\(lrog(‘n and (diloriiu' are ob- 
tained, it app(‘ais tliat in tli(‘ formation of liydiaaddoric 
acid gas 1 volume of hvdrog(‘n combin(‘S with 1 voluinp 
of (*]ilorin(‘ to form 'J volumes of hvdrocddoric acid, 
fact whicli was rc'fi'rn'd to in th(‘ cliajib'r on the Atomic 
'rhi‘oi’y. ddie W(‘ight of tlie hy(lrog(Hi is found to liear 
to th(‘. weight, of tii(‘ bydrocldoric a.(‘id the (iroportion 
1 : -»() bS. In other words, in dO.bS parts of liydro- 
chloric, acid tliOi'e are do. 18 jiarts of chlorine and 1 part 
of hydrog(m. 

Preparation.— For th(‘. pi‘('])aration of hvdrochloric acid 
ill the hiboratorv as wi‘11 as on tin* large scah', ordinary 
sulphuric acid is pouri'd upon common salt, dhvo rmic- 
tioiis may take place b(‘tw(‘.(‘n th(‘S(‘ substances, (h^junid- 
iiig larg('ly u])oii tlii^ amount of suljihuric acid usi'd. Tf 
tlu' two sulistances are brought togadher in the ]U’o()or- 
♦ ion of the widghts of tludr molecules or their moh'cular 
'vciglits, the principal reaction is tlie one represented in 
th(‘ following e(| nation : 

NaCl -f- H,SO. =: NaHSO, + IICl. 

Tn tliis case the atom of sodium of the molecule (af 
sodinni chloride is substituted for one atom of hydrogen 
Hi the molecule of sulpliuric acid, while the hydrogen 
Hid chlorine unite to form hydrochloric acid. If, on the 
'tlier hand, the substances are brouglit together in the 
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})ro])ortioii of 2 inolecnlos of sodinni eliloride and 1 
inolonulo of acid tlie principal reaction iss tlin 

following : 

2NaCl 1- H,S( ), Na,SO, -| - 2HC1. 

Properties. — Ilydroeldoric acid is a (*olorless trans- 
parent gas, and lias a slnup peindi-ating tastt^ and smell. 
Inlialecl it prodiua'S suffocation. It is extremely easily 
soluble ill water, 1 volume of water at ordinary tenqau- 
atures dissolving 451) times its own volume of tlie gas, and 
at 0'^ 500 limes. Tlit‘ solution of the gas in water is Avhat 
is generally calhul Jiydrocliloric acid. So great is the at- 
traction of the gas for wabn* tliat it condenses moisture 
from the, air ; lienee, although the gas itself is (juiti^ color- 
less aiid transparent, wlum it comes in contact with the air 
dense white clouds are formed, whicli are not formed if it 
is kept from c-ontact with tlu^ air, as can easily be shown 
by lining glass vessels with the gas. Hyalrochloric acid 
does not burn and doi^s not support combustion. This 
is equivalent to saying that it does not combine with 
oxygen under ordinary circunistan(*es, and tluit sub- 
stances which combine with the oxygen of the aii- do not 
combine with hydrochloric acid. On tlu' otiu'r hand,w(? 
have seen that under some circumstances oxygen does 
act upon hydrochloric acid and cause an ('volution (tf 
cliloirne. 44i(^ gas is conqiarati v(*ly (aisily condensed tn 
the liipiid form. 

When a conci'uli’ated solution of hydrochloric acid in 
water is luxated, gas is given oil, but if a dilute solution 
is lu'aled wat(*r is given off. In (dth(U“ case, when ilie 
comjiosition of the liquid is that repri'sented by tin' 
formula 1101 j-8H4), it boils under the ordinary jires- 
• sure of the atmos])lier(‘ unchanged. If the pressure is 
iowi'isul th(5 composition of tlu' liijuid which jiassi's over 
in the proca'ss of distillation changens, so that it conbuiis 
a larger percentage of hydrochloric acid the lower the 
j)ressure liecomes. 44ns fact siauns to show that tin' 
iiipiid of thf^ composition 110 1 -|- 8H,0, which boils 
unchanged at the tenqierature 110'^ under the ordiiiarv 
pressure of tlie atmosphere is not a cliemical compound. 
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Oil the other luiud, it certjiinlj does not coiiduet itsidf 
]ik(‘ most ordimiry solutions of ^ases. 

ddiere is a detinite eoni]>oiind (d‘ hydrochloric acid 
witli water called hi/d rocUoric acid hydndc^ which has 
the com})ositiou H(U 211,0. Tins is formed by jiass- 
in^- hydrochloric, acid gas into tln^ concentrated acpieous 
solution cooled down b) ■ - 22". Onder thesi‘ eircnm- 
siaiices the hydrate' se])arates iu the'- form of (‘rystals. 

CcDinicrciid Injdrochha'ic a<'id is a ye'llowish litjuid, the 
rotor lieing' due to the'. ])resenc<' of im])uriti{'s, such as 
iron and organic* substance's. The' solution is obtaiiu'd 
ill the' factoj’ie's in which “soda” or sodium e*arl)onate 
is made. This is an extre'ine'ly inniortant substance in 
I he a rts. It does not oce*ur in nature, hut is manu- 
factured from common salt. In the jirocess most I'om- 
monlv used salt is tirst converte'd iid,o sodium sulphate, 
Xa,S().j, by treating it Avith sulphurie* ae*id. Hydro- 
chloric acid is ne'e*e'ssarily give'ii oil. hen the' faedoi’ies 
were' tirst establislie'd in hhigland, the gas was allowed to 
cse'apo as a u aste' ] noduct, but the e'iVee*ts produced by 
it u})on the vegetation of the surrounding country were 
so injurious that a law was passed pn'ohiluting the 
manufacturers from allowing the gas to esca])e'. It is 
now collee'ted bv e*aTisiug it to }>ass tlirough towers so 
eauistructed as to e'X})ose a large' surface of bricks or 
'Sandstone plates ove'i* whie*h a curre'iit of cold water is 
e'oiistaiitly ke'pt tlowing. This water dissolve's the hy- 
Irochlorie*. acid, and the' solution e*olle'cte'd below is 
commercial hydiochloi'ie* ae-id. In this way enormous 
quantities of the' acid are' ]>roduce'd, but its uses are nu- 
merous and it always ceimmands a ])rie‘e. 

/here li}fd racliiaric acid is a solution ol the' pure' ga<s in 
pine Avate'r. It is colorh'ss, and wlu'U cone*e'ntrate'd it 
eivc's otV fumes whe'ii e'\]>ose'd to the' air. d lu^ solution 
wlien lieate'd give's ot! a large jiart of the' gas contained in 
it, and by boiling it can all be evaporated. 

Chemical Action of Hydrochloric Acid. — If the action eaf 
hydrochloric aedd teiwarels the elements shouhl be stuelieel 
systematieailly it would be fe)uiul that many eif them 
act by simply taking the place of the hydrogen, as has 
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already been illustrated in tlie preparation of liydrogeu 
by treating hydrocldoric aeid with zinc when this reac- 
tion takes place ; 

Zn + 21101 = ZuCl, + H,. 

With iron the reaction is : 

Fe + 2HC1 = FeCl, + II, ; 

with tin : 

Sn + 2HC1 8nCl, + H, ; 

with potassium ; 

K +H01 ::=K01 +H, or 

K, + 21IC1 r::: 2KC1 + H, ; 

witli sodium : 

Na, + 2HC1 = 2Na0] + H, ; 

with calcium : 

Oa + 2HC1 = CaCl, + H, ; etc., etc. 

On tJie otlier hand, there are many elements which do 
not act in this way towards hydrochloric acid. 8ul- 
pliur, nitrogen, phos|)liorns, carbon, and l)oron may b(' 
t}d\:cn as exam])les. These (dcmuMits do not aid upon hy- 
drocldoi ic acid at all. W\'. might, thendoro, divide tli(‘ 
elements into two cl;iss(‘s : (1) those which act u})on hv^ 
drochloric; acid setting hyilrogeu friHi and forming iddo- 
rides ; and (2) those which do not act upon hydrochloric 
acid. 

Again, when hydrochloric acid acts upon the oxides of 
those elements which have the power to liberate hydo>- 
gen from it, it forms th(‘ same chlorides as are fornuMl 
when the element alone acts, l)ut instead of hydrogmi 
being liberated water is formed. Thus when the acih 
acts upon zinc oxide, ZnO, the reaidion takes place thus; 

ZnO + 2HC1 ZnCl, + H,0 ; 
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witli lime or caltdum oxide, CaO, it m : 

CaO + 21IC1 = CaCl, + H,0 ; 

with potassium oxide : 

X,0 + ‘2TIC1 = 2K01 + H,0 ; etc., etc. 

In these rcnictions there are two fon*(‘S at work tending 
to effect tlie change. Inhere is, lirst, the allinity ot the 
nhnnent, which is conihined with oxygen, for cldorine, 
and, second, tln^ ahinity of the hydrogen for oxygen. 
\V(‘ shonld, then'fore, jia.tn rally (Wpect hydrocddoric 
acid to act more readily utxni tlu‘ oxid(‘S than upon (de- 
imnits, and it has Ixani fonnd that this is the case. 

Tl' the so-called hydroxides of those elements which 
act upon hydrtnddoric acid he brought in ('ontact with 
th(', acid, action takes place even more readily than with 
the oxhh's, and the prodiu'ts are tln^ same. Thus potas- 
sium hydroxide and hydrochloric acid give potassium 
chloride and water : 

KOH -[ HCl == KCl + H,0 ; 

<*alcium hydroxide and hydrochloric acid give calcium 
chloride and waler, thus : 

Cn{0[\\ + 21101 (kaCJ, + 2H,0 ; 

^dulnininnl hydroxide and hydrochloric acid give alumiu- 
iuin (ddoilde and water, thus : 

Al(()IIy I :iH01 ^ AlOh 1 dH,0 ; etc., etc. 

Tluu’e are then (dements which act upon hydrochh^ric 
:i( id lih(‘ratiiig hydrogcni and forming chlorides and 
Hi(' oxi(h‘s and hvdroxides of th(*S(^ elements act upon 
liydro(ddoric acid forming chloride's and water. ddie 
< huin'iits whi(di act in this way are commonly called 
nirldj.s or^ foT reasons which Avill be discussi^d farther on, 
t sr-/ o rrn iv <f eie i/ienfs. 

If those eh'iiK'nts whiedi do not set hydrogen free from 
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nh t^spocinllv ill tlioir conduct townids nntcr. 7nYwi- 
iiiiplcs will siilHcc for thi' present, rhosjiliorus form^ 
chloride ot‘ the forniuhi VCl.^ known ns phosphovus 
.dchloride. In coidnct w ith wnier it undergoes dccoiit- 
position iKS'ordin^ to this (uiuntion : 

PCI ( mj.) r. PC), 11, + :}1LCJ ; 

so, too, tho elilorido of boron, l>Cd,, luider^oes tlie s.miik' 
kind of cliiui^e : 

BCI 3 - 1 - 3H,0 :=r BO^H, I- 3HC]. 

Similarly, tlie otlier cldorides of the olonionis of tliis 
class tend to pass into the oxides or liydi’oxides wIk'D 
brought in contact yith yatei'. 3'hose (‘hninnits yhicli 
do not act u[)on hydrochloric acid settinj^ hydrogen free 
and forming chlorides are g^meraliy called non-ineUils or. 
for re;i, sons which will a.])])ear \wXeVy (i<‘i(l-fhr)nin(j elcmevfs. 
The chlorides of the acid-forming (‘hnnents are genei'allv 
decom|)osed l)y wabn* and the corresponding oxides or 
liydroxid(^s are formed. In gcnn'ral bnins, th(‘ oxide 
of a base-forming ehmumt or of a imMal is acted n})on Itv 
liydrochoric acid, a cldoride and waten* being forim'd : 
and the chloride' of an acid-forming element or of a, noji- 
metal is acted uj)on ley wat<‘r, a hydroxide, or oxide, ajid 
hydrochlori(* acid being foinm'd. We shall have niai)\ 
illustrations of tin* o]>posite <'heniica 1 charae t(‘r of tlu'se 
two classes of t'lemeids, a, ml ^ve shall see that many ol 
the most im])ortant and chaiaicteristic chemical reac- 
• tions are associate'd with these diflerences. 
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COMPOUNDS OF CHLOIUNF WITH OXYGEN' AND WITH 
HYDROGEN AND OXYGEN. 


General. — As lias been si'eii, cliloriuo combines very 
readily Avitli liydroj^en, and liydrogeu witli oxygen, and 
iho products aiaj stable com])()unds. On tlie other 
liaiid, (ddorine cannot 1)0 made to combine directly with 
oxyg(m. By indirect processes they can be coml)ined, 
hut the compounds undergo d(‘(a)m))osition easily, yield- 
ing back the chloriiu' and oxygen contained in theari. 
.Hei‘or(^ taking u}) tlio comjioundsof chlorine and oxygen, 
hoAvever, it will bo best to discuss, as far as may l)i‘- 
necessary, the com])Ounds of chlorine, hydrogen, and 
oxygen Avhich are more easily made, and from which the 
oxides are made. 

Principal Reactions for making Compounds of Chlorine 
with Hydrogen and Oxygen.— One of the princi])al reju*,- 
tions inad(‘ us(‘ of for th(‘ j)r('[)ara,tiou of compounds of 
cldorine, oxygmi, and hydrog(‘U consists in tri'aling po- 
tassium hydroxid(‘- xvith chlorime Idie strong allinity of 
chlorine for potassium shown by the decomposition of 
hydrochloric acid by potassium would lead ns to ex})ect 
that when chlorine acts u])ou ]):)tassium hydroxide, po- 
tassium chloride, K(U, ivouhl be formed: 

K()H -|-(d=r K(d 1 O + 11. 

Jhit it also has a strong alhnity for hydrogen, so that 
hydro(*hloric acid w ould be formed as well as potassium 
chloride ; 


KOH 1 201 =:: KOI -1 1101 -I O. 

llui oxygfui can, how'ever, combine wdth potassium 
A'ldoridc and form compounds, KCIO, KClOj, KCKb, and 

( 113 ) 
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KCIO^ ; and liydrocliloric acid, il formed, would cone 
bine with potasnium hydroxide, thus : 

KOII + 11(11 KCl + Hd). 

When potassium liydroxide is treated witli chloiino 
we may tlier(^t‘ore (‘xp('ct io obtain potnssinm eliloridr, 
lv(^l ; st)me com[)ound coiit.-iiniiit^ potassium, cliloriin-, 
and ow^(m ; and Avatm-. . Exptniimnd lias sliown that 
the action takers })lac(‘ as we should ('Xpect, and that tlu' 
cornjionnd ot jiotassinm, chlorine, and oxA^^en is dilhn- 
ent according- to tlie conditions of tln^ ('xpm'iimmt. If 
the solution of (*austic [»otash is warm and conceid rati'd 
the product is ricliei* in oxy.e;en tlm-i when the solution 
is dilute and cold. AVith th(‘ comamtrated solution tln^ 
reaction takes place thus : 

6K(J11 + :\C]^ r)K (1 f KCM\ + SH,(X 

AVhilo live atoms of |)otassium ajipinir in the form of th(‘ 
chloride, one appears in the form of an oxygen com- 
pound, KCIIO^, pofassiKni chJorair, Avliich avo hav(‘ already 
had to (had with in conmadion Avith the pve]niration of 
oxy^um. W’ith the dilute solution of caustic potash the 
reaction didves place thus: 

2K0H -t- Cl, ^ KOI KCKA + 11,0. 

The oxygen pi’odiud in this case is p()f((s,si?im hypochlo' 
rite^ KOIO. 

Pofdssifuu KOIO.,, and pofassi}(m Jn/pochJorih , 

KOIO, bear the saim* ladation to tAVo com])onnds, 11(40, 
and llOlO, that jiotassiuin chloride, KOI, and sodium 
chloride, NaOl, bear to hydrochloric acid. I3ut we Iuiac 
* seen that lijalrochloric acid can easily be obtained from 
sodium chloride by treating it with sulphuric acid. 
Potassium chloridi^ undergo(‘S th(‘ same change Avln ii 
treated Avith suljihnric acid. Indeed, Ave shall see tlm’ 
nearly all comiiounds containing sodium or potassiim 
give up these metals Avhen treahal with sulphuric acid 
and take up hydrogtui in the place of them. 
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Treating potassium chloride with sulphuric acid tliis 
react iou takes place : 

2KG1 + H,8(), = K,8(), 2HCh 

Similarly* treating potassium chlorate with sulphuric 
acid, this reaction takes })lace : 

2K010, H, 8 (), =. K,80, H - 2 HOIO 3 . 

The compound HClO.^is called chloric ocid. Further, 
Avlu'ii ])otassium hypochlorite is decomposcal In' sul- 
])luiric acid umhu' proper circumstances, it undergoes 
the sani(‘. kind of decomposition : 

2 K(dO ! H.,80. K, 8 (), + 2HC10. 

The compound H(T() is called Injpoclilorous octd. 

Chloric Acid, HCIO:;. — Tln‘ ]>n‘j)aration of (ddoric acid 
from potassium (ddoi'atr' is acc(mi|dished hy treating 
a \vat(‘r solution of tlie (ddoiate witli lliiosilicic acid, 
11., Sit’, , with \vhi(di ])otassinm forms an insolnhh^ cojii- 
pmiml. TTie reaction \vhi(di takes place is r(‘pr(‘sented 
thus : 

2K( T( ), + H, 8 il\, = K, 8 iF, | 2110103. 

dho com])ound Iv^Sil',. is known as potassium tluosili- 
c;iio. It Asill he ohserv(M| that this juaiction is ot the 
s;iiiie general character as that r(*])rc‘sent(Ml ahove as tak- 
ing place Ixdween ])otassium chlorate and suljihuric* acid. 

1 h(' dil’lV‘rciic(‘ l)(dw(‘(Mi th(‘ two rmictions is that potas- 
'’Uiin tluosilicate is insoluhh' in wat(U’, while potassium 
^n1l»hato is soluble. 15y using lluosilicic acid, therelore, 
H soluiion of chloric acid is obtaimal free from other sub- 
slaiices, ])ro^ided just (‘uough of tlu^ lluosilicic acid is 
-'dd(Ml to form potassium lluosilicaite with all the potas- 
^inm. This solution is unstable, and if heated above 10^ 
die chloih* acid undergoes decomposition according to 
tile equation 

4 HCIO 3 = Cl, + 30 + 2HC10, + H,0. 
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Properties. — (Uiloric jicid Jicts upon metals in the saiiir 
general ^vay that hydroelilorie. aeid do(‘s. It gives uj) its 
hydrogen and takers up metal in its [)laee torining coin- 
])ounds like pota.ssium ehlorattg KOlOj^, sodium eliiorat( , 
NaClO.,, ete. Tn eonSnspimiee oi tlu' (\‘is(^ with whieh it 
gives up oxygen, it is used (extensively for the pre^para- 
tion ot‘ oxyg<ui, and for tln^ purpose of adding oxygnn fo 
other sul)sta.ne(es, or as an oxidizing agemt. Potassium 
ehloiah' and other eompouuds of sindlar character de- 
rived from chloric acid are used in the manufaetur(> ot 
tire-works.'^' 

Ilypochlorovis Acid, IICIO. — Thc! tormation of j)otas- 
sium hv}‘ochh>rit(‘, KCIO, hy tr(‘ating caustic* ])ota-sh with 
chlorines has Ixeen imudioned. A similar rtuiction is eiu- 
])lov(*(l on tin' large' scah* in tin' manid’;n*ture of hh'acli- 
iijg ])ow(h'r or “ chloi'idi' of linn'.” d'his consists in 
treating slaked lime or calcium hydroxides with chlo- 
rine. The action is re'jU'esente'd thus : 

i>(ki (OK), -I- 201, 0a((d()), I (hiCd, I - 2H,(). 


The com])ound OaiOK)),, known as calcium h y])ochlorit(‘ 
is eh'iive'd fi“om hypochlorous acid l)y re'])lacing two 
atoms of hvdroge'ii in two mole'cides of tins acid lyy oik' 
atom of the bivalent me'tal e*alcium * 


HOlO 

IKTO 


gives 


<.r ra((,’10),. 


Just as a, mixture' of ])e)ta,ssiiim chloride and [sota-ssiuin 
hvpochlorites is forme'd when potassium hydroxieh 
used, so ap])ai'emtly a mixture of calcium chloride' and 
calcium hypoeshlorite is forme'd when calcium hydroxiih* 
is used. This |)oint will he^ discussed to some extent 
under the head of (hdcium Hypochlorite (which see), 
when it will he shown that tlie're are good reasons I"'' 


* Great care is necessary when working witli j)()lassinni chlorate': 
witle many substances it forms explosive mixtures. Treated with < ou- 
centrated acids it uiidergoejs rjipid and violent decomposition. 
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l^olioving tliat the pro(lu(‘t calh'd bleaching powder is a 
(listinct cheinical coitipound and not a niixtur(‘ of tlu^ 
chloride and h ypochlorib^ For our ])r(‘sent pni-pos(‘, 
liowever, it nniy be considered ;ls such a nii^tuH', foi 
iiTchu' most circ*umstanc('S it nets as if it win'(‘. W lieu 
trcvited with sul])huric acid or hydrocliloric acid, bh'ach- 
iiig ])o\vder gives up hypocldoroiis acid hist, and thmi 
(ddoriue. The charact(U* of the action will be ch^ar by 
(.onsidering lirst the conduct of tln^ eoriT‘S])onding potas- 
sium compounds. AVhen a mixture of potassium hypo- 
chlorite aiid potassium chloride is treated with dilute 
sulphuric acid, the hy poidiloritm is dc'composed with 
liheration of hypocdilorous acid and formation of potas- 
sium sulphate : 

2KC1() -1 H,SO, K,8(), + 2HC10. 

At the same time the sul|)liuric acid acts upon the chlo- 
ride libm’ating hydrochloric avid : 

2KC1 - 1 - H,S(), K,80, - 1 2iK ]. 

but when hydi-ochloric. acid and hyjiochlorous acid are 
brought togndher they react as ri'presented in this 
equation : 

HCIO + HCI ^ a,<) 1 01. 

Ho that the result of treating a. mixtun^ of hvpochloiito 
and cliloride wdth sulphuric a<*id is the liberation of 
chlorine : 

KCIO + KCl I H,SO, - K,HO, 11,0 + Cl,. 

AVith bleaching ])owder the reaction is : 

Ca((dO), + CaCl, + 2H,S0, 20a80, + 21L0 + 2Cl. 

Hy])ochlorous acid can also be made liy passing cdilo- 
rin (3 gas into water in which mercury oxide is suspended. 
The reaction is : 

HgO + H,0 -f 201, HgCl, -I-2H0C1. 
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Tlie coiicontratod solution of liypoclilorons acid lias ;i 
peculiar od<n‘ su^<^estin<^ that of cliloiiiie. It is the odoi 
which is familiar as that of hleachifijjj powdi'r or chloride 
of lime. Tlie acid undergoes decoinjiositiou very readily, 
forming chlorine and a compound of chlorine and oxygen. 
A solution of the add hhnaches about as well as clile 
line, and wlnni bleaching powdcu* is usial tor bh'aching ii 
is largely tlu' hy |)ochlorous acid s(‘t frca^ from th(‘ hy])() 
chlorite which (dVects the desired changi'S, 

Like chloric acid, hy [lochlorous acid is an ext'elhmt 
oxidizing agcnit, and is used in the laboratory in this 
capacity. 

Chlorous Acid, HCIOm-— Although a- substance of this 
composition is not known, a number of compoiimls have 
V)een niad(‘ wliich art' clost'ly n'lated to it. Such, for 
exainph', are tin; com])oumls potassium chloritt', KCK),, 
silver chlorite, AgClO,,, (dc, .rotassinm chloritt' is formed 
when a solution of chlorine <lioxid(‘, (d(),^, in water is 
tr(;a.ted with a solution of potassium hydroxith'. Ih’oiii 
tin' solution of tin' potassium compound, tin' silvc'r ('oin- 
pound can bt' made by achling a solution of silver nitrah'. 

Perchloric Acid, HCIO,. — Wln'u the ])repa ration of 
oxYgt'ii by heating })otassium chloratt' was considt'it'd, 
it was ]'ointed out that in tin' lirst stag(' of tin; decoin])o- 
sitioii a reaction of this kind tak(‘S ])lace : 

2Iv(d(b = KOI I KCKb 1 (),. 

The com|)oun(l KOK),, or pcrc/dn/vdc, can be 

se])arate(l fi’om the chloride; by treating tin' mixture; willi 
cold wate*r in whie*h the* chloriele* is e'asily soluble;, whiO 
the pe'redilorate* is pi-a,e*tie*ally insoluble. Krom the; pe i' 
chlorate, j)e*redilorie; a,e-iel can be inaele* in the; same \^a^ 
that e'hloric aedel is maeh* from ])ota,ssium e*hh)rate, hv 
treating witli tlue»silie-ic acid (se'e; pre))aration eef cJihn ir 
aciel). Pere'hherie' aciel is, lieiweve'r, ]nuch nn)re stjdjh; iii 
concentrated solntieni than the other e)xygeu ceempounds 
e)f chlorine, aiiel if the perchlorate is tre'ateel with sni- 
phuric aciel, ])erclde)ric acid can be obtained from the 
mixture I)y distillation. 
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Pun; ix^rclilorit? acid, HCIO^, tan be obtained in the 
form of a colorb^ss fuming liijuid. It is a dangerous sub- 
stance to deal witli, as it })roduces bad wounds wlien 
l)rouglitiu (‘outact witli the llesli, and is V(‘ry unst;d)h^ and 
oxglosiN ^'. tu (‘oiitact with combustibh^ substances in gen- 
(oal it causes explosion in consiapience of tlie ease witli, 
winch it gives u]) oxygan and converts tlie coiiibustiblo 
substances into gaseous ])roiiucts. 

\ hydrate of the formula lf( ■!(),-[' 
is known. Further, tlnna^ aia' soiin^ facts known that 
point to th(^ ('xist('nc(^ of a second hydrabi of the formula 

IK'Kh + ‘-111./ >. 

General.— From th(‘. above it will be seen that the com- 
])ounds of chlorine with hydrogen and oxygen form a 
smh's, tlie imnnbers of which bear a simple relation to 
OIK' Jinotlu'r. l;»egiiiuing with hydrochloric acid tin; scries 
is as follows : 

Hydrochloric acid, .... H(./l 

liypochlorous acid, .... H(d() 

Chlorous a,cid, HthO.^ 

Chloric aid, HCKX 

P(U-chloric acid, HCIO, 

Hhie successive nn'iidiers differ from each other by one 
;i(om of oxgen, tlu' ratio lietween the hydrogen and the 
vliloi'iiK^ remaining the sanu'! throughont the s('.ries. 
\\ liile the coni|)ounds dilhu* markedly from one another 
in many ways, they have some common h'atnres. Upon 
nii'tals, and their oxid(‘S and hydroxide's, all the members 
‘•1 tlie s('i’i('s act in g(meral in tin' sanu' way that hydi’o- 
eliloiio aciil does, tln^ rc'sult bt'ing the formation of 
inoibicts which do not contain hydrogen, but do contain 
n iiietal in the jilace of the hydrogen. AVe have examples 
'k tiu'se com])ounds in potassium chlorate, KCIO,,, cal- 
'■ium hypochlorite, Ca(Cl()h, potassium chlorite, KCIO,, 
"nl |)otassiuni perchlorate, JvClk\. All these compounds 
***<'l<>ng to the class called .v(d/.v, Avhich will presi'utly be 
talo'ii up. On the other hand, Avhile there is a class of 
' lenu'nts upon which hydrochloric acid does not act, the 
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oxygen compomuls of ^lie above series will in many 
eases aet upon these elements and convert them into 
oxides. Tims sulpliur and pliosphorns, which are noi 
acd(‘d on by hydroehhuic aidd, are converted into oxides 
by the oxygen compounds of chlorine. 

Fimilly, tiie addition of oxygen to hydrogen and cldo- 
rine deensist^s the stability of tlu^ compound. Hydro- 
chloric acid, for ('xam])le, is (diarach'rized by great 
stability, while hypochlorons acid, HCdO, as well as all 
the other members of the series, is characterized hy 
instability. The larger the proportion of oxygen, how- 
ever, the giH^ater the stability of the compound. TTkj 
most stable member of the series of oxygen compounds 
is perchloric acid. Another fact that is worthy of special 
notice is that the metal derivatives or salts of these a(dds 
are more stable than the acids themselves. Many of them 
can be heated to a- com].)aratively high temperature without 
undergoing decomposition. This is most marked in the 
case of the piu’chlorates. It will l)e riuuembc'red that in 
decomposing potassium chlorate for the purpose of mak- 
ing oxygen the change takes place in two stages. In the 
lirst, potassium pcu'chlorah^ is fornuuh In order to de- 
compose'. this, howv'ver, the huiiperature must be^ raistMl 
considerably higher than that wliich was reepiired toeileet 
the breaking down of the chlorate. 

Compoeiiids of Chlorine with Oxygen. — Tdie compounds 
of chlorine with oxyge'U an*: 

(Jlilorirxt itiono.rhie, (d/), and chlorine dioxide, (dO,,. 

Tlui lirst or chlorine monoxide, (d/), is formed by the 
action of ehloriiui on dry mercury oxide; 

It is a gas which can easily b(‘ condensed to the liquid 
form, ddie s[)ecilic gravity of its vapor gives the moh'c - 
ular weight corresponding to the formula C],Oo It is 
extremely ujistable, breaking down under the inhueiic'' 
(d heat into chlorine and oxygen. With water it forms 
liypochlorous acid, thus : 
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01.0 + 11,0 ^ 2M0C1. 


A ftul)stant*o fonnod hj treatinjj^ a inixtiire of arKoiiic 
ioxide, As^O-j, and potassium cliloratu with nitric acid 
1(1 hv other methods has Ixm'ii d(‘scri])ed as a ^reenisli- 
'llow gas wliicli can be condensetl to an oxtremely un- 
;il)le liquid; and it is gi'.nerally referred to under the 
lime chlorine trioxide, the formula being ascribed 

) it. The most careful investigation of tliis substance 
as, liowevor, shown tliat it is not clilorine triox ido, but 
mixture of chlorine dioxide Avitli varying q\iantitics of 
liloidne or free oxyg(m. 

Chlorine dioxide, CIO,, is a greenisli-yellow gas of great 
iist:il)ility. It can be comhuised to a. li(juid whicli boils 
it -[-1C. It is always one of the })roducts of the action 
)f (‘ouceutrated sulpliuric acid upon potassium chlorate, 
md is formed in cons('quence of the decomposition of 
ho chloric acid which is first set free : 


2KC10, I H,S(>, r. K.^S(h b2H(dO,; 
iJHClO, 2H(d(A -| 211,0 -I- 4C10,. 

Wlien moderately dilute hydrochloric acid acts upon 
[)etassium chlorat(’! a gOHUiish-yi'llow gas is formed 
wliich has been called euchlorine. It is a tnixture of 
vlilorine and chlorim' dioxide, formed thus: 

2K(d(), + 4HC1 ::::: 2KC1 - j- 211,0 - [- 2C10, -f Cl,. 

(^)lubustible substances burn in chlorim' dioxide with 
Molcmu'. This action can Im‘ shown by putting a h'W 
j)i(‘t'(‘s of ])hos])horus umhu- watm- in a, glass \ (*ss(h, 
eid upon this a litth' potassium chlorate. If now a tVw 
of concentrated sul[)luiric acid are add(Hl through a, 
'“iig narrow tub(' or jhpidte, tin' phosphoi’us will ho stnui 
t" huLii under Avater. 44iisis du(‘ to the liberation of chlo- 
‘ dioxide, and the action of this compound upon the 
jhiospiiorus. 

hen a solution of chlorim^ dioxide in water is treated 
[Cth potassium hydroxide, potassium chlorite, KC10„ 
1'^ iormed (see p.^118). 
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Constitution of the Qpinpounds of Chlorine with Hydro, 
gen and Oxygon. — -To (leterniiiie tlie constitution of uih 
stable compounds wliicli, when tliey break <lown at all, 
are almost coiiipletely disintegrated is diilicult, and in 
niaiiy cas(\s im])ossibl(‘. Our knowledge of the constitu- 
tion of tin' oxyg<vn acids ot‘ (dilorim^ is for this reason 
extremely limited. Itegardiiig the seriivs of these cone 
])ounds and comparing tlndr composition with that of 
liydroehloric acid, it wouM app(‘ai‘ that thtw are com- 
])ounds of hydrochloric acid with ditferent amounts of 
oxygen. But wa^ have s(‘en that chlorine and hydrogtai 
ai-e univalent elenngds, as is shown in hydrocdiloi’ic acid, 
K-(d. Tf ('ach of th(‘ atoms in tin' moh'tuile of hydro- 
chloric acid is doijjg all it can in holding tin' other atom 
in combinalion, then, plaiidy, it is ini[)()ssible for the 
molecule to tak(' up oxygc'ii diix'ctly and form a cone 
pound of the foianula. H-(’l-() or ()-bl-Cl. On tin' 
othei* hand, it is ]K)ssible to conc(‘iv(' of the adonis chlo- 
rine, hydi'ogi'n, and oxygen as la*ing united in such ;i 
way that hydrogen and cldorine shall be univalent and 
oxygi'ii bivah'iit. This is re[)resent<Ml in the foiniula 
(d-O-H. Fui’tlu'r, exti'iisive study of com])ounds (‘oii- 
taining hydrogx'ii and oxygen has made it a})pear I'x- 
tremely ])rol)able that in tln'in tin' hydrogi'ii is generally 
in combination with oxygi'n as ie])r('S(‘nt('d in the abo\e 
formula, and as is la'jiresi'nted also in the formulas 
of such compounds as potassium hydroxidig K-O 11, 

calcium hydroxidig (n,<|| aluminium hydroxide. 

Oil 

, etc. All the rc'asons for this cannot possibly 

() H 

lie made clear without a knowledge of a great many facts 
which must b(‘ acquired gradually. As regards such 
hydroxides as those just referred to, the vhnvs expressi d 
in the formulas given are c(‘i‘tainly simph'r than any 
others which have been proposed, and they are not con- 
tradich'd by any knoxvn facts. Assuming then that in 
the acids of (dilorine the hydrogen is in combination 
with oxygen, or that the compounds are hydroxides, wo 
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iiavo the formuLis H-O-CH, H-O-CnO^, ;ni(I 

f[_0 ClOg tor the hjur eonijjounds. If, liowever, ehlo- 
riiH^, is iiniviileiit tlie additioiuil nxyeeji can not be in 
iliiect combination wiili the cldorim^, and the only 
in \vhi(*li the cDiistitiition of th(‘s«‘ compounds ('an 
1)(‘ leprescmted on tlie assumption tliat hydio^en and 
(hlorine ai’e univalent and oxyp;en bivalent is this: 
ir ()-Cl,H-()-0 (d,ll () () () ri,and ll-(MM) O-Cd 

'riicse formulas have laani us(at for some time, but 
stroll^*; oj)])osition has beam raiscul to tlnnu and tlu'y ar(^ 
now i‘a|)idly losinp; ‘ground. Tlu'y r(‘present com])ounds 
ill which oxy;^'(‘n atoms ai*e in ('ombination w ith ox\y;en 
aloiiis. Hut judj^inj^' bv the conduct of hvdrop;mi dioxide 
and ozone, this kind of condunati(»n is a V('iy unstable 
one. The acids of chlorine are unstal)lo enou;j;h, but the 
OIK' which contains the most oxygen is tln^. most stable, 
and this we should Imrdly ex^iect if the oxyg('n atoms 
a O' arran<j;(Ml as show n in the above formulas. This is 
not a fatal objection to these foinnilas, but it makes 
them, at h'ast, a,pp('ar improbabh'. 

d'he view which now' finds most sup})ort is based u])oii 
tlu^ ('oiH'eption that the valence of chlorine towards oxy- 
pK'ii and towards oxygen and hydroeeu, or towards hy- 
droxyl as the jjjroup ( ) H is (*alled, varies from univa- 
Iciice to se])tivalence ; that it is univalent in hydrochloric 
acid and in hy])ochlon)Us acid, tiivalent in chlorous 
acid, (piimpui valent in chloric acid, and septivalent in 
})crchloric acid. This is show n in the formulas 

o o 

H-O-Cl, H-O-Cl^O, H-O-Cl and H-0-Cl=0. 

il II 

o o 

From a study of other similar compounds these com- 
])ouiids are regarded as derived from hydroxides, thus : 
hddorous acid,0=01-() -H, is supposed to be formed from 

by loss of waiter ; chloric acid 


.OH 

the hydroxide Clf-OH 
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from th(‘ hydroxide C1(()1I),, by loss of two molecules (.f 
water : 

Cl(OH), ^ CIO, (OH) f mfl ; 

])orcldoric acid from tlie hydroxide Cl(OH), by the loss 
of three mohu-ah's of water : 

cuoii), cio^tOH) 4 ;hi,o. 

When the acids are dissolved in water it is quite prob- 
abh‘ that in many cases tlie liydroxides are formed, but 
beinj^ unstable tliey cannot ;^(merally be isolated. 44iu 
hydrate of perchloric acid, IK dO, + n. 0 (lT,C 104 , ap- 
pears to be such a compound. It })robal)ly has the con- 
stitution repn^sented by the formula 0,C1(()11),. Froui 
the compound 01(041), a series of compounds can ho 
derived by successive losses of one molecule of water, as 
here shown : 


Cl(OH), - H,0 - 001(011),; 

001(011), - li;0 == (), 0 ](OH) 3 ; and 

0 , 01 ( 011)3 - 11,0 = 03 ( 4 ( 011 ). 

The second and last ])roducts are the hydrate and Uk' 
compound known as |)(U’chloric, acid. W hile the evidtnico 
in favor of this view ])i’es(mt«‘d by tlnesi'. (‘ompouiuis 
th(miselv('S is v<'ry sli.qht, the vi^nv is sti‘oiye;ly sn})])oi‘tt'(l 
l)y tlif' condiiet of (M'rtain a, na, logons (ho'i vati V('S of (lie 
elenu'iit iodine, whieh in many r(‘S])ec,ts conducts itself 
like cldorine. 

Comparison of Chlorine and Oxygon. — Tin' pow(‘r <>l 
chlorine to combim^ with otlnn- (‘humuits is nearly ms 
great as iliat of o\yg('n. It cojubiju^s with all othm; el<'- 
ments ex('ept tlnorine, but do(‘S not form «juito as grisat a 
variety of co7iipounds as oxyg<‘n. Oxygen cond)ines witli 
several (‘lements in thre«', or four ditfei’ent ])ro]>ortioiis, 
l)ut chlorine rarely combim'.s in more than two ])ro])oi- 
tions with one element. While in general chlorine and 
oxygen conduct themselves in the same way, there is a 
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v(‘rv iiiiportaiit (lifltn'iviicn l)(‘i\voeii ilieui, to wliicli attcui- 
lioii has already Ixaai calhul iiidiroetly. dhaue an^ some 
t lieiieiiis towards wldeli oxy^iai lias a siroiigc'r aHiiiily 
than ('Idoriiie ; and iliert^ are others towards whieh cldo- 
l ine has a stroii<j;(‘r atlinity than oxyj^i'n. The former ar(5 
tlu‘ iion-nietals or aeid-forminp; eleim'iits ; tlu^ latter art^ 
tlie nieials oi‘ liase-foi-minj^ idiemnits. 'I’ln^ diilereiiee is 
shown most rc'adily bv th(‘ fact tied thi^ eldorine eom- 
])<)Uiids of the aeid-formiii^' idcemeds ai’e eonvertial by 
water into oxv^ini eompoiinds or hydroxides, wldh^ the 
oxiih'S or hydroxiih'S of the base-rorming ('lemmds are 
ediiviM'tial into chlorides by the aihion of liydroi-ldoric 
acid. Tdds distinction is not a sharp oiu'. whiidi can 
easily 1)(^ nnid(\, for the (‘ondnctol* an ehnnmd. is to a con- 
sidmable extent di'yannlmd. upon conditions, particidarly 
of temperature', and a. distinction which lioldsgood under 
one S('t of conditions may possibly not hold good under 
iiiother set. Still tin' a,bove stateim'ids in regard to the 
eondncT of the metals and non-im'tals towards chlorine 
and ()X\'g('n arii in accordances with W('ll-ma.rke'el teneien- 
rie'S of the twe) classes of eh'inents, as will aj)|)ea,r more 
1*1 e'a rly, 

(ddorine and oxygen hieing in gmieral similai* eh'inents 
we should not ('Xjii'ct them to e'ombine re'adily with each 
otlu'i*. Althemgh they do e'ombim' indire'ctly in a numbe'i’ 
of [)i*()p(u*t ions, none' of the' CO III] )ou ml s are' stable', ddie'i'e is 
i mai’ke'el elillV're'iie'e' be't.we'e'ii the'se' e'emipemiiels ami hydro- 
lidoric ae-id as n'garels the' e'ase' with whie*h they are' 
1"! iiK'd, ami also as re'garels t heir stability. A marke'el 
dille'ii'iice be'twe'e'ii e'hleirine', ami eexyge'ii is also to be 
loiind in the'ir re'lations to hvelroge'ii. hVhile ones volume 
ot e ldorine', cemibiiie'S with one* eef hyelroge'ii te) iorm twai 
''olume's of hy etroe'hlearie*- aciel gas, erne' veilunie' eif oxyge'ii 
' oinbines with twee veelumes eif hvelrogen, the* three* vol- 
niiies of gas ceeiieh'Jising to two yeelume'S eif w;d('r vapor. 
So also while', as Ave sa\;, one atom of chlorine' coiidiine's 
'.vith one atom of hyelrogen, eiiie atom of eixygen coni- 
hi lie's Avith two atevnis of hyelroge'ii. AVhat tlie eliiherence 
hetweeu a bivalent anel a univalent element consists in is 
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jK^t JvTiown, hut tluii (liiTcroiici} is something (]<■, p 
seaf(Ml ji|)i)ears from tlie marked dirtereiua; in ('oii(]ii« t 
l)('twe(m eliloriiie and oxygen in combining with Jij, 
drogen. 



CHAPTER X. 


acids— BASKS— NEU'I'KALIZATIOX— SALTS. 

General-- Onn (.-aiinot di'al witJi cli(‘niical pliononiena 
wiiliout constant relV'rencc to acids, and in tli(‘ course of 
niii- study tluis far a nnnd)er of sudslaiu'cs belonp;inp; to 
Ihis class Inive bcani met Avifli. Tt is now time to iiKjuii’e 
what f(‘atnj(‘s tli(‘S(‘ substama's have in ('oninion wliicli 
lead cliemists to call tinun all acids. AN'liat is tlnu’e in 
(‘oiiniiou betwiam tli(‘ Inaivv, oily litjidd, sulphurii* acid, 

I lie colorh'ss )j;as, liydrotdiloi ic acid, and tin- unstable 
coTn]iounds chloric and livdrocldorons a<‘ids? To nn- 
(hu’stand tlie common f(aitur(‘s laujuin's some knowl- 
c(1r(‘ of a (da.ss of substances to wliic.li atimdion has 
ali(a‘i(l\' been p;iv(‘n. These are substances lik<‘ caustic 
potash and caustic soda, or ])otassium and sodium hy- 
droxides whicli are called (dkalieSy which are the most 
marked rc^presentatives of the class of substanc(‘s known 
as Tli('S('. two class(‘s, (/cc/.s- and />o.s‘cn, have 

tile pow(‘r to (h'stroy the (diaract(uislic [irojimtit'S of 
e.'ich other. W Inm an aci<l is broup,ht in contact with 
a liasi' in propeu' [)roportions, th(‘ idiaraidiuistic pi()[)- 
< rtii'S of l)oth the acid and the l>ase art‘ d('stro\i‘d. 
l’h('\ all' said t(> nvxf ndlrj onch oWwv. Tdu'V foiin mov 
piodiu'ts whiidi aia^ said to be muitral, whiidi means that 
die\ have not the ])i-op(vrti<'S of an acid nor thosi' of a 
has(', 'This act of neutralization is an extrenndv ini- 
|'''i lant one, Avith Avhicli W(‘ have constantly to (had in 
' h('iiiieal o[)era,tions. 

A. Study of tho Act of NGutralization. — Th(‘ fact hav- 
"iR IxMui learned that acids and bases neutralize' one 
"I'dher, the next thiii^^ to do is to study the act of neii- 
o idizatioii as carefully as ]K)ssibh‘, and learn w hat chemi- 

d changes are involved in it. For this purp)ose Ave 
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sliould soloct Ji inimbor of acids and a, iniinbor of l)as( s 
and study tlndi; action ii|)on oii(‘ aiiotlicr. Wo iuay t.ikij 
sul[)lun'ic‘, liydrocldoi’ic, and nitfic. ;icids ; and j)otassiuiii. 
sodium, and ('alciiini 1> n (h'o\id<‘s. Wo l<now from maiiv 
auals'sc^s tliat lia.vo bnon made tliat tlie com [)ositi(3u oi 
t1u^S('‘- subslaiicos is as lollows: 


Tfvdrocldoiic arid, IICI 

Tsdtric acid, 

.Sul[)lniric acid, ll .SO^ 

Potassium liydioxidf', .... IvOH 

Sodium li \ (lroxid(‘, NaOH 

Calcium hvdroxid(‘, 


The first (|ucstion to 1)(‘ auswauvd is wlndln'r, in orcfin’ 
to ofi'oct uontraiization, d(‘finit(‘ (juantilics of tli<^ sulf- 
sta.uc('S ar<.‘ m'civssarw decide' (his, solutions ot the 

acids and of tin' base's shemlel be' ])re'))are‘el auel alle)\\(Ml 
te) act upem e)ne* ane)tlie'i- in elif‘lei-e*nt ])r()j)e)itions. Ihit 
low shall we' e h'te'rm i lie' w he'the'r the' solutions we' ale; 
workiu;^ with are^ ae*iel, basic, e>r ne'iiti'al ? It has bi'cii 
fe)iiud tliat all aciels have' the' ])owe'r to e'lianj^’O the^ ceilor 
of certain substane'e's. h’or ('xanijih', the' d\e' litmus is 
blue. If a se)luiie)n wliiedi is e'ohn-e'el 1)lue with litmus is 
troateel with a elro[> e)r two e)f an ae'id, tlu^ ce)]e)r is 
changed te) real. If low^ the* re'el solution is treated with 
a few elrops e)f a seilutiean of a streaug liase', the', blue) ceilor 
is resteire'el. The'i-e' are' maii v est he-r sn I )sta ne'e'S a\ hieli 
change mai-ke'elly in e'olor by the' aelelitiou eif ae'iels oi 
base's. The'Se' fae-ts fmnish a nie*ans of re'e/eigui/iiiy 
w hethe'r a, se)lution is ae*iel or hasie-. Neiw , suppe)se‘ that t" 
a care'fully me'asui’e'd ejnantiU' e)f e)ue‘ e)f the' ae'iel solutions 
a few' dre»j)s e)f blue litmus is adeh*eh Tt will at e)ii( e 
turn reel. On adeling sh)wl\' a solutiem of e)ne of the 
bases the e-olor w ill re'inain re'el as hing as the se)lutie)ii is 
ju-iel, but the instant it is liasic it wall turn blue. Jl,v 
noticing when the change in cohir takes 2 >hice, it is 
sible te) determine exae'tly he)\v inuch of a certain liasic 
solution is ree|uired to neutralize the quantity of the ae id 
solution taken. If it is found in the case studied thni 
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iieiitrali/o 20 cc. of tlie acid solution 30 cc. of tlie ])asio 
,r)tiitioii arc required, usiii^' llic saiiu', solutions, it 

,vill l)e found in (‘very eyqeriment tliat tlui saiiio (juaiiti- 
irs ar(^ i‘ei[uii(Ml t(^ (3leet jncitiali/ation, of tliat the 
of eolof tak(‘s ])la,e(‘ wluMK'ver tlu^se j)r()p()rtioiis 
lie i(‘aeli('(1. And no niatO'r liow th(‘ (piantitv of oii('. of 
0u‘ licinids is vaiii'd, tln^ (|uantity of the ollnu' r('(|nir(Ml 
I'dV neutrali/ation \ari('S in th(^ sanu" pi'o])()rtion. A ij,f(ait 
iiiaiiv (^xjxniiiuuds of this kiinl liaA»“ Imhmi jxn loiined with 
iiiajiv (lillineiit acids, ainl what is tiiua in ont' eas(5 lias 
liei ii found true in all. It a,j)])<aars, llun-efore, tiiat the, 
lief of iieef I'ftl iZittio}!- IS (t <leji]il/e nii<\ irhieh t(fl:es jiidi'e tje- 
firccit (J i((i lit I / i(‘s nf (H‘nt i(H(t hdsf ; Uidt ft))' d ('(‘t'fiflil 

ij lid III it II df hdse d vt'i'td})) (jfid)it}(if of d(‘t(t fs re(jinr('<l to 
('(feet iK'iil I'dl izdfddi , diid net' eftd'sd. 

ddu' iK'xt (jiu'slioii to 1)(‘ answ(M‘ed is, A\ liat is foj'ined 
wIkmi IIu' acid and ljas<‘ aia' lu'iitralized ? d'o (hderiiiine 
this, lar^-ei' quaiditi('S of acids should Ixa innitralized 
with Lases, and the snl)stanc<‘ o]’ sul)stanc(‘s foiainal 
slioiild t]i(ui !)(' studi(‘d. If hydiaaddoric aci<l is neu- 
tralizr'd with sodiiiin liydroxide a, solid product, sodium 
chloride, is foriiu'd. d'ln* action taka^s ydacc according 
to the foil owino (Mpiation : 

TUd + NaOir ^XaCl -! 11,0. 

Hydrochloi’ic aci<l and calcium hydroxidi^ act thus: 

2HC1 1 OayOH ., r (.'at’J, f 2H,( ). 

Aitric acid aids u|)on th(‘ thia'c l)as(‘s unmtioned above as 
I'epresejited in these equations : 

IiN( ) . + K( )H . lvX( ), H 11,( ) ; 

HNo’ -i-Xaoit XaXo, 

2HX(), + OafOHf, ... tkqXO,), + H,(). 

♦Sulpliuric acid acts upon tlu'se sanu' bases thus : 

+2K()H K,.S(). d 211,0; 

H,80, d 2Xa()lI :=Xa..S(d 1 2Hd>; 

H,S0, d- 0a{011), CaSO, f 
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Tlie roactioiis wliicli take place ia these eases ai e tvj)!, 
cal of all reaelioiis Ix'tweeii acids and bast's. One of tlic 
products fornit'd is always wattu’, the otlnu’ is a com 
pound Avldcli is without acid and basit* ])i‘o|)erti('s, (.1 
whitdi is neiitrad and dillers from tlui acid in tJiat it 
contains stjiiie other (dtont'iiL in place of tlie hydrogen 
ddiis oHi. '!• ('h'lnt'iit is the out' w hitvli in tin' base is in 
cond»inalioii ^\ith hydrogt'n and oxygt'ii as a liNtlroxidc. 
Tht' simph'st cast' is I hat of h\ (b tadiloric acid and eitln'i 
potassiuni or sodium hydroxith'i 

HCl f KOll K(d 1 11,0. 

As has alri'adv bt't'n statt'il (st't' p. Ill), wt' have lit'rt^ tw* 
forces o[)('rating to bi-iug aI>ont tht' chaiigt' : (1) tht^ tt‘n- 
dt'iicv of hydi-ogt'n to combijit' with hydroxyl (till} t" 
form walt'i'; and (‘i) tin' tt'inh'ncy of chlorint' to unitr 
Avith ])otassiuni. A similar stat(unent may be niadc 
in rt'gartl to e\'er\' I't'aclion bt'twt't'ii an acid and a 
bast'. 

General Statements. ( 'onsidt'i ing Hit' facts trt'ated 0 } 
in tht' last ]>aiagi’apii, it a|)|)t‘a»s: 

il) d'hat an acitl ct)ntains hytlrt)g('n ; 

d'hal a bast' contains a mt'tal ; 

(d) d’liat wilt'll an acitl acts njitm a base the liydiogcti 
and mt'tal t'xchangt' plact's ; 

(4) That tlie snbstanct' ftirmt'd by substituting hydro- 
gen for tlie metal of tin* bast' is watt'r; 

(d) ddiat the substaiict' obtained from tin', acid by sult- 
stituting a metal for tin* liN tlrogt'ii is neitln'r an acid noi 
a liase, but is gt'iieralh in'iitral. 

4’lni last stati'iiient is snbjt'ct to sonn^ nioti ilication, lem 
reastms which in sonn*. cases ait^ ch'ar but in otht'rs af 
not apfiarent. It is true that in some cases after sulist.i- 
tiiting a mt'tai for tin* hydrogen the substance has an 
alkaline reai'tion, and in otin*r cases an acid naaction. 

Dolinitioiis.- We liave alrt'atly seen that hydrochhiiin 
acid and sul[)hurit; acid act upon certain nuAtals, as irtm 
and zinc, and that the action consists in giving u]) hy- 
drogen and taking up metal in its place. The prodiici ■ 
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i 4 this a.('ti«)ii ;iro the same in cliaraeter as (hose f()rm(Ml 
li,, il!(‘ ju'ti'ai of acids on bases. 

\ii ((citl is a substance containing hydrogen, wliicli it 
( ,isil\ ('X(diang(‘S for a nudal, wlnm tia'atial witli a. metal 
its('lt, or with a compound of a metal, calhsl a base. 

A fxisr is a sul»stance. containing a metal conduned 
with livdi’ogen and oxNgm. It (aisily (‘xcdianges its metal 
for 1i\ (lrog(‘U when tnaated with an acid. 

'l h(' products of tln^ actioji ol an acid on ;l bas(^ artg 
first, and, s<‘('ond, a luudral substaiiC(‘ calh'd a saj/. 

Ill tin' <'\aniph‘S aliove citial tln^ products KNO,,, ])o- 
tassiiim iiitiat<‘; NaN().,, sodium nitiati* ; ( hn N( cal- 
ciiiiii nit rati' ; K„S( )^, potassium sul[)hat(‘ ; Xa.,S( sodium 
siil|iha(('; ('aS()^, calcium sulpliatc*, ai'c* salts. Idu' rt'la- 
tioiis l»(d\\('(‘n tln'in and tin* acids from which tlnyv are 
hoi'ivod will Ih* (‘asily r(‘cogni/ed on compai'ing their 
forinidas witli those of tin* acids. 

Comparison of the Reaction between Acids and Hy- 
droxides, and between Acids and Chlorides, ddn* ri'ac- 
tioii h(‘iw(*(*n acids and hyd roxidi's, or, as it is g(*neially 
>])ok(‘n of, b('(w('(*n acids ;md basos, is <pdte siiiiilai’ in 
charai‘l('r to t hat whiidi tak<*s plac<' b(dw<*(*n sonn* acids 
and chloi'idi'S. This is illustrated by the I’eaction be- 
tuaeii sulphuric acid ainl sodium (ddoridi*, o* j)r(*s(*nti*d 
h\ (ho eipiation 

t^XaC'l I H.SO, Xa,S(), 4 2H('l. 

Ih i o, as w ln*n tin* hydroxidi* is usi'd, tin* acid is neutral- 
i>'»‘d and the salt, sodium sulphate, Xa.SO^, is fornn'd. 

I I" "th('r juoduct, how(*v<*r, is h vdroiddoi'ic acid instead 
'*1 Water, l\)v the sake of closer conijiarison the two reac- 
tioiis may be writtmi thus : 


XaOil , 
XaOH ^ 

Xa(d , 
NaCl + 


H i 
H \ 

H I 
H I 


so, = I so. 4 

‘ Xa, i ' ■ 


SO. 


Nil I 

Nil \ 


noH 

HOH 


SO 4 


I li ' two ri'actions are thus seen to l)o of tin* same general 
rlioaoter. That with the chloride does not take place 
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as readily as tliat with tho livdroxide, and 
not as i;'(Miei'al. ^I Ik'VO an' many acids wliicli 
tli(' ])()\v('r to d(M‘om])os(‘ cldoridcs as sul|)liuric acid 
w hereas, in mMaaal, any acid is lu'iitrali/eal hy any a,,, 
tallii' Jn < I loxiih'. In sonu‘ ease's this la'actioii is an ( in f. 
o-('|ic‘ ojit' ace'om paiiied 1)\ a p;r(‘at ('voliition t)|' li('at;ii| 
otlu'rs th(‘ rc'actioii is not at all t'lii'rj^c'tic. llolli acids 
and l)as('s dillVn- ve'ry markt'dly from om' aiiotlim- in sdine 
])roj)('rtv wliich is spoke'ii ol in a vailin' sort of \\a \ ms 
tiu' str(‘iiL:;(h. k'or tlie* }»ii*seiil it is sutliidenit ( () rcco^yr. 
■jiizi' that this dilleiamce' is similar to the dill'mencc uo. 
ticeal IndwaMm (deiiu-nts. Uyd!‘ot;-en and cldc tiiiii', tni 
exani])l<a diUrr inni'L('(H\ in tlnni' powc*/' to ad iijmit 
other sjil>stnin‘(‘s, ntnl ('hhniiK' is sjiokini of as tlii‘ iiioir 
(niei'u,'('th‘ o/‘ actice (‘hniu'nt. 

Other Simihir Rocictions. I'hin'i' :ii’(' ninny otlns' relic- 
tions like those' which take place Ixdwe'eii acids and 
chloride's, and hetwa'e'ii acids and hydroxide's. Anotln i 
exainph' is fnrnislie'd l)v tin* sulphide's anel hyelre)sn[)hi(l('s, 
which are' (‘e)mpoiinds tliat in seniie Teaspe'cts re'Se'inhli 
e)\ide'S and li \ < I rox ide'S. The re'actie)Jis widevh take' plair 
In'twe'e'ii tlu' sul[)liiir e*e eni jeeenneis anel aciels, and betwen'ii 
the' e)xy‘i;e'n compomiels amt ae-iels, are' e'ldire'ly analoj^oiis, 
as slie)wn in tlie following’ eaepiatiems : 

K,,S d - ‘2K(d +H,S; 

XT) d 2JI(1 2K( ] H H,/); 

('aS + II,S(), ('aSO. ] ; 

( diO 1 11, SO^ (kaSO, f 11,0 ; 

KSlf ! lUT r^K(1 I IXS; 

KOIf I H(1 K(d + HT); 

Cat SI 1)., -f 11., SO, ^ (daSO, j - 21T.S; 

CatOH), ( H.^SO. (kaSO, + 211,/). 

Tlie, ])re)duet fenaneel in ])hi.e‘e^ of wate'r is the> eaerresjx aid- 
ing com])e)unel of snl])hur, H^S. It xvill be', e)bserva'el di-'^l 
the hyeli'osnl])hide's, or cennponnels which liavo the geii'‘i’;il 
ce)mpe>sitie)n MSIf, iK'utralize^ tin', ae*ids in the saane s« nsi‘ 
tliat the liyel roxieh's elo. If liyelroxieh'S we're' met kn< 
our conceptions of acids might easily be based ii])e)n dr> 
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of compounds to tlm hydrosiilpliidcs, uiid the 
siil)staiic(‘s now chissod with tlie ucids Avonld be classed 
Avilh them upon this basis. As we^of)!! we sliall see tliat 
ili('i'(‘ ai’e other reactions of the same j^cunu'al charaettu'. 

Distinction between Acids and Bases.- Altliou^di tlnua^ 
is no didiculty in distinguishing between most acids and 
most l)ases, tliere are some compounds which act some- 
tiiiH S ill one Avay and sonudiim^s in th(‘ otlnu-. Siilphnib* 
acid, nitric acid, and hydrocldoric a('id alwa\s act as 
acids, and sodium and potassium livdroxides alwa> s act 
as bases, but some substanc(‘s wliicdi are ginn'rall >' basic 
will under some circumstances act as acids, and sonic^ 
u liicli act as ai'ids will <)('casi()nall\ act as base's. ^\djat 
is tin' standardy Ilou siia/l w<^ tid/ wliothor a snb- 
stanc(' is an ac'id or a bas('y 1\ (' ma\ tak<‘ a ])ronounced 
acid, sncli as hydro<dih )ric acid, and say that any hy- 
droxide' wliiedi has tin' pow(‘r to jn‘iitraliz(' this acid and 
foi'in with it*a salt shall b(‘ calh'd a bas(‘ ; and in tlu‘ 
same way W(' may take' a prononma'd base', like potas- 
sium hydroxide', and sa\' that any h\<boxid(' whicdi has 
tii(' power to iH'ut rali/e' this shall Ix' calle'd an acid. 
Having made tln^ division in this way, it would bt' found 
that a b'Av substance's weeuhl be inedmh'd in beeth lists, or, 
ill other vvorels, se)nie' siibsta ne*e's whiedi aia' basie' towarel 
li vdroeddeerie* aedel are' ae iel towarel potassium hydreoxieh'. 
As an ('xani])h‘, we may take' aluminium hyelre)xide, 
AliOfl). ddiis neutrali/e'S live Iroedieuie* aedel ami forms 
aluminium ediloride^ ae'euualing t<> the' ('epiation 

A1(()H), -f 31 Kd = AKd, f 3ilA). 

Ihit it ;dso neuitralizes pe)tassium hyelreexide according tee 
tho e(pi;iii()n 

A1(()H)3 + 3K0H Al(( )Kh + 3Hp. 

niay be said in regard to this case, as in regard to 
inost other case's e)f the^ kind, that the' hydroxide in epie's- 
h'ai is basic teaward ne'arly all substances toward Avhich 
l'<’tassinni hydroxide is basic; Avliereuis it is acid toward 
only three or four of the most energetic bases. Bearing 



1 i: IXOnaANW CITEMTSTRY. 

ill mind, tlien, tlio f;irt tlmre iiro some exeopti()i!;i] 

eases, it may be s.-iid Unit tlie ilistiiiction between acids 
and li.ises is ensily recognized. 

Metals or Baso-forming Elements. - The (piestion, A\di;i[ 
is a metal? may fairlv 1 k> askial. J bit nnfortnnabd y il is 
by no imnans an misy inattm* to give a satisfactoiy answer 
to the ([iK'stioin W’e can give' (‘xamples of nudals, such 
as iron, zinc, silver, calcium, magm'sinm, (Tc. ; but wli. u 
ye att(mi])t to lind tli(‘ <list inguishing icainrc's of tlicst 
substances we arc^ sonuMvliat at a loss to state them. In 
general, it may be said that to the cliemist anv elenicnf 
is a metal which Avith hydrogem and oxAgen foiaiis a bnsi , 
or a j^rodnet whiidi Jms the ])ow('r to nemtralize aci<ls 
In geinn’al, any (dinmmt Avhiidi has tin' ])ow('i- to eiiti i 
into an acid in the ]>lac(‘ of the hydrogen is calhnl a 
metal, of is sai<l to liave nn'tallic* j)ro]terties. ddiis is the 
sense in which tin- word nn'Ial is nsml in this liook. A 
Ix'tti'r, though a longer, nann' foi* the nn'tals is hitse-form- 
i>i<j eh'invuis. 

Constitution of Acids and Bases. — As Inis Ix'i'ii ])oint(Ml 
out, tin- bas('s ar{‘ hydroxiih'S, and tln'se Indroxides nre 
regardi'd as (h'rivt'd from water by the ri'placemeiit of 
the hydrogf'ii by nn'tals. JT\am])les of tin' hvdioxiih^ 
of univalent, bivah'iit, and trivah'iit mc'tals were gi\cii 
in a, ]n-evious ehai)t<'r isi'c ]>j). S.TSlw. Simiiai-lv, tlic 
acids which contain oxygen are n-garded as h vdroxi(i(‘>. 
or as (h-riAO'd from Avat<']-, as Avas stall'd wln'ii tlie suh- 
j('ct ot the constitution of the iu*i<ls of (ddoiiin' was under 
consid('ration. This vi(-w is illustrated by tin- following 
formulas ot sonn- oi tin- mori' common acids : 


Nitric acid, (II() )N(),^ 

Sulphuric acid, (HOASO.^ 

Phos])hori(' acid, ( H()), P() 

Carbonic acid, (11())..(T) 

AIeta[ihos])horic acid, . . . . ( lIOjlT), 

Nitrons acid, (H())N() 

Arsi'aiions acid, (HO),, As 

Hypochlorons acid, .... (H())Cl 

Percldoric acid, (HOjciO, 
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'Hk'Io jlvo tlirco cImssos of nt-ids represented in this 
list : (1) tliose witJi one, (2) tliose with two, nnd {3} 
tl,os(' with three {itoms of liydrogeii in the inoleeule. Or, 
c onsidering the eoni})ounds ;is hydroxides, tJiese classes 
.,,v ; (^Ij those derived from om'. moleeu](‘, (2) those de- 
,]v,>d from two molecules, and [3] those (hn'ived from three 
iiioh'cuh'S of water by re[)lacement of half tli(‘ hydrogen 
|,v soimdJiing elsce ft is interesting to obs(n-v(‘, also, that 
this soimdhing which r(‘})laces the hydrogen is in most 
( MSi'S an (denunit in combination with oxygem or, if it is 
not ill combination with oxygen, it has the ])ower to take 
iiji iiioi(^ oxygen. Thus hy jxK'hlorons ami arsenious 
;u ids ar(^ regarded as derivial from water by the rejdace- 
iiient of hydrogen in water In chlorine and arsenics as 

HO 

shown thus : IT-()-(d and H O-'As. Ihit, in (^ach cascy 

H-O^ 

tile (dement which is in combination with hydroxyl has 
tlu' power to combinr^- with oxygim. 1 1 y [lochlorous acid 
forms the [irodiicts ( H())(d(),’ ( 110)(d0,, and (HOiClO,, 
whih' arsenious acid forms arsmuc acid ( lLO).,As(). 

\\ <‘ may' consider* watcu’ as lorming th(;^ conmnding link 
hct\\('('n th(‘- oxygen acids and liases. It Astands tor aiy> 
acid-forming eiement, and H for any base-iorming (de- 
Mumt, then the general formula of a base is JlfOll), and 
that of an oxygen acid A(()H) or (d,jA(()ll), in whitdi 
stands for some number of oxygen atoms fi’om one to 
lln tai or four. We should then have those relations : 

Acids. 

(0,A)'(0H) 
(O.A)''(()H), 

(0,A)'"(0H). 

I n these general formulas means any bivalent metal, 
'•'id B'" any trivalent metal; and (Ox^) ^ means any 
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gi'oiip of atoms wliic'li lias tlie })()Wor to Jiolil two ludinxy] 
L^ioiips in c‘oml)ina(i« m, and is tlnn oforn liivalnnt like i ( ) S| 
and ((\.Aj ' /mvii/s :i tn\nloi}ty:;r()Uj) liko (OA.s). 

Constitution of Salts,- 'Tho \io\v held in ivgjird to ihr 
constitution of salts is hascil diivctlv ujxm those litfl 
in re<j;nnl to the cotistitution of acids and bases. Ji 
is l)(di(‘V(Ml that whim an oxv^nii acid acts u|)()ii a l);is(> 
ttie ai'tion takes 2>kR‘0 as rein-eseiited in tlie following 
e([uation : 

0,N-0-[H 1- H-C)|-K = 0,N-0-K + H-O-H ; 

or in this : 

0,N-]0-H + JJLO-Iv = 0,N-0-lv + H-O-H. 

Ill either cas(^ tln^ salt foriiKMl a2)2)ears as the acid, tlu* 
hydrogen of whicdi has been i’e])laced by the indal. 
\Vheth(‘r the hydroxyl of the base unib'S with the hydro- 
gen of tlie acid, or tlu^ hydroxyl of tin' acid unites witli 
tlie hydrogmi of th(‘ base, cannot Ix' deteriniiK'd ; and, 
as far as tln^ constitution of tin* salt is coiiceriH'd, it 
eyiihmtly maki^s no dillereiice. Idu‘ case stands tliiis: 
I’or i‘(‘asons partU pointod ont aboyo, the bases aiv 
regardi'd as hydroxidi's ; for similar reasons tln^ adds aiv 
also r(‘gai'd('d as hydroxi(h‘s. Now, when an acid ar!h 
n])on a l)ast‘, xvater and a ])rodiict xyhidi (litters from tlm 
acid in having the nndal of th(‘ bas(' in places of its hydro- 
gen are fornK'd. I’he simplost intm’ j iretation of flii> 
leaction is that giv(m abovin A cast* in Avhich tln iv 
ap])ears to be no room for donlit as to what takes 
is that of In'drochloric acid and a siniph^ liast*, lik('. sodium 
hydroxide : 


(d-H A- H O Na ^ (dNa | H O II. 

It is highly prolaible that the reaction lietweon acids .md 
l)as(‘s is abvays of this (dniracter. 

Basicity of Acids. — In woi king with acids and base it 
is noticaal that some adds have the power to form I'lit 
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i,iii salt witli a l)as(^ like potassium liydroxide, Avliile 
oflins have the |)()\V(U- to form two or mo 7 ’e salts with 
sia h a hasc. Thus, for oxaniph^, liydrochlorie arid, HC1, 
uhric acid, HX()„ eau iorni hut one salt with pcjtas- 
siiitii li\droxi(h% and tlie la'actioiis are rc}»resonted iu tlui 
following (apuitioiis : 

KOH + HCl K(H f fW ; 

KOH I K\(k-f 11*0. 

If only half the (piaiitity of base which is ro(|iiired to 
ti(‘iitiali/e the acid is added, lialf th(‘ acid I'emains un- 
rliaiigcd, and on evap< 7 ratiug' solution tin' excess of 
acid will pass oil. So also, if only liaif tlie (juantitv of 
acid which is required to nmdrali/a' tin' l)as(‘. is added, 
half the base will la'inaiu unchaugX'd. On tln^ other hand, 
if an acid lik(' snlphuri<* acid is taken, it is found that tliis 
lias th(' ])ower to form two distinct salts with ])otassium 
hydroxide, in om' (d‘ whi(di tlu're is twice as niindi of the 
metal as in the otlu'r. ddnc la'actions are re])res('nted 
thus : 

KOII l-lbS(), KIIS(), I 
‘2 IX( ) It 1- It S( lv^S( ), 1 H J ). 

It to a give'll (pianlitv of sulphuric, aiahl onlviialf the 
quantity (d’ ])i)tassinin hydroxidi' wliich is r('(piired to 
'"'111 i-ali/i' it is addl'd, the fii'st. ri'actioii takes ])laee ; but 
d the act of ni'iitralization is eoinpleti' tin' sc'cond rea(‘- 
ti'Mi lakt'S. plaei'. An acid of this kind can, fn; ilii'r, form 
'"i*' salt with two basi'S, in which one of tin' hvdrogi'n 
dotiis ot tin' acid is r('[)laced by oni*. nn'tal and the ollu'r 
a si'coinl nn'tal. 

1 h( ditleri'iit projx'rtii'S of tin'; two kinds id’ acids ri'- 
dcs' d to are aseribi'd to dilVei'i'ina's in constitution. In 
iiioleinde of liv'd roiddorii'- acid, as in tliat of nitric 
" 'd, tln'i'e is but one atom of hydrogep aci'ording to 
d) ■ vii'ws at pi'c'sent held. If, thei’cfore, the act of neu^ 
dalization tabes filace in each molecule it is complete, 
'"d the salt is said to be a mudrnl or normul suit. In 
"''d]diuric acid, however, there are two atoms of hydrogen 
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in each niulecule, and either one or hotli of these nia \ ]),. 
r(‘ 2 )hiced. if only one is replaced, a. Sfdt of tlie ^^em ra| 
formula JMHSO, is obtained. 1'his is still an acid, Avhih 
also ])aitly a salt. Ft is in fai't an add salt or a Sidt adil, 

uVcids lik(‘ hydro(‘ldorie and nitric acids have not IIk^ 
j)()wei‘ to form acid salts. Tlu'v are called ttaaiahd.sic 
adds. AVhile acids like sul})huri(‘ acid, which can form 
two salts with one base, oin^ of which is acid, are callc'd 
dihasic adds. 

Monobasic acids are lhos(‘ whi(‘h contain i)ut one ic- 
])laceable hjalro^en atom in ilnMiiolecnh'. l)il)asic acids 
are those which contain two re])lacea)>le hydrogen .atoms 
in the nioh'cule. 

Similarly, th(‘r(‘ are. frilstsic adds^ like |)hosphori(' acid, 
HyPO^, ai'senic acid, Il.,AsO,, etc. ; tvf ndntsir (tdds^ like 
]n'ro])h()S])h()ric acid, 11,1^.^).^; j>(‘Nhdtasi(‘ (tdds, lik(‘ ])(‘ii- 
odic .a('id, H 1( ; (dc., etc. The hij^lnn* the basicit\ of 
the acid the ^r<\at(‘r tli(‘ v.ai’icdy of salts it c.an yield. 

Acidity of Bases.- Just as we speak of monobasic, 
dibasic, tribasic acids, etc., so we distinguish bet\\(Ma' 
b.ases of dillejHnt .acidity. Thus tluac' .are the naaiarid j 
hases^ like potassium and sodium hydroxides, KOH and 
NaOH ; d'aadd hases^ like c.alcium ami barium hydoxiih s, 
(ka(()H)„ and IkajOll),,; 1 rdfdd /x/.svw, like aluminium mid 
ferric hydoxides, AhOH ), and IndOH ), ; etc., etc. 

If .a. nionob.asic .add acts upon a, monacid basi^ one 
moh‘cuh‘ of om* foians a salt with om^ inohaade of the 
otlnn*, and, in genmal, no otlnn* reaction between th(‘ t\V(» 
is possibha If a monobasic acid acts ujhui a diacid base 
two reactions are possibh‘, just as when a monacid basi' 
acts upon a dibasic acid, d'hus, when, for exam})le, hv- 
drochloric acid acts upon zinc hydroxide, Zn(OH),^, two 
reactions are possible : 

Zii(OH), = Zn < [fjj + H,0; 

Zn(OHX + 2HC1 = ZiiCI, + ‘2H,0. 

The compound ZnCl(OH) is still basic, just as the salt 
KHSO, is still acid, and it is called a beme salt. Simi- 
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laily, a triacid base can form three salts with a monobasic* 
ac*i(l as, for exaariple, in the case of bismuth hydroxide 
and nitric acid, in wliicli three reactions art* possible : 



Tlie salts l>i | j l>asic salts or 

basic ]iitratos of hismntli, while* the salt Jhi X( )p.. is tin* 
iit'utral or Jioi'iiial salt. 

Salts. Fiojii tlu* abovt* it appt*a,rs that tlit'rt* are tln’(*e 
classes of salts: (1) .s-e/Zx, which art* (l(* 7 'i\(‘(l fi’om 

till* at*i(]s by rt'plat't'iiH'td of all tie* acid li vd i-op^t'ii atoms 
hy metal atoms; (2). /c/d .svd/x, whit*!) art* derivt'd from 
tilt* acids by rt'j )lacemt*iit of ])art of tin* li\(lro,n(>n b\' 
ni(*tal at( )ms ; and (d) /acv/c .svd/x, w hich are d(*rived from 
tli(' bases by m'uti’alization t)f paid of the liasic hydrox\ 1 
hy acids. Xormal salts art* p;t‘iit‘rally iit'iit lal ; or, if by 
a neutral substanct* is mt'aiit oiu* which has not tin* powt'i' 
to lorni salts with acids nor with bast's, th(*n tht* (*\))r(*s- 
sion normal salt is synoiiymons ^\•ith m>ntral srdt. Jhit, 
"*d.iiine to say, some* normal salts haye what is called an 
-•' id i'(*action, and ot ht'rs ha, ye an alkalint^ ttr basic rt'ac- 
don. Idins a normal salt of a wt‘al< acid Avith a strong- 
h;ise as sodium carbonatt*, NaddO.,, has an alkalint* rt*ac- 
So also a ntirmal salt t)f a stron^^ acid with a w't\‘dv 
I' l^e may haye an acid rt‘action, as in the case of co]t])t*r 
^’dphate, (hiSO,. As p;t‘nt'rally nst'tl, the exttrt'ssion neu- 
h;d salt means a salt which exhibits’^neither an acitl nor 
alkaline reaction. 

f 'i naming acitl salts various methods are adopted. In 
!*" of a dibasic acitl, the only distinction necessary 

l»etA\een the acid and the jjormal salts. The expres- 
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/)//f//r Jii(\‘in, of (‘onrsr, I ho suits uh/ifj h;iv(^ th<‘ fonmii.^ 
KUSO^ and l\ ,SO^, mid thoiv is no dmii!;or of coni'iision 
MV' ni:iy, howi^vor, use the iimu(‘s n/o/m-jiotoss/fn// mJ.. 
mu I (//-/)( s/d/dut/o, ev /iri not r// mid st-at/idti ,'>i 
pidiissunu sh! p/ufft's. 77i(‘ Inst nninrs me eonviuiieiit mnl 

nsLililv (*()n\r\ to ilu^ mind the iiniinv of tlu^ sn.lt spokm 
ot. Just ;is (li]);i,si(* jici([s vir'id |)riin;My and seroiid- 
ary salts, so tri basic ac'ids > ic'ld pi iniary, S(‘coiidary, and 
t(ntiary salts. Lon- tc\ainjd(‘, ])lios])li()ri(‘ acid yi(dds Hikm' 
classes ()l salts : prune nj phosphefes, of tli(' ^(MKa'al I'oi iiiiiLi 
l\rH.,L7)y seninderif phesphetes^ of tlio o(ai(a-a,l foi-imil;i 
M.dirO, ; and irrtiftnj phosphetes, of tli{‘ ^(Mnaal fonnida 
MyPO,. 1di(' ])hos[)liat(^s of t]i(‘ lii'st tAvo (dassos arc calli'd, 
in g(Micral, ucid phosphetvs. ddic tcrtiaiT ])liosj)lia,t(‘ is 
id(‘iitical witli tli<‘ iioinial j)lios])liat<‘. In iianiiiii^ basic 
salts tlici’i' is no diHicidt y in tln‘ sini]d(‘st case's, ddms, tnk- 
iii^^ tlic tlire'e' bisnintb nitrab's tin' forniidas of wbiidi arc 

^dven ;d)ov(', tin' one' of tlic foiinnla l>i j call m1 


the inono-rdt refr : find of 

nit role : and that of tlu' 
or nor mol nil role. 


ih(' foiniula, Ih | jj^j|^'^dtlicd/- 
fonnnla Jh( NO/),, tlu' tri-iiitrati' 


rin'i'C are' many (‘ase's wiiiedi ai‘<' nine'll more' e‘om])lica(cd 
than any e»t tliose* re'h'ri’e'el to abo\c, ddius, llie're' arc 
iiasie* salts foi'ine'd bv dibasic acids aiiel eliae*id base's, In 
dibasic aciels and triacid base^s, e'Ic. Idie'ie' is, fol' c\- 
ain[)h', a basic* cojijK'r ca.rbona,le‘ torme'd by the' ])ai'li;il 
iK'nlral iza I ion oi two nioh'cnle'S of e*o])|)e'i' livdro\id<‘, 
( ni()ll).,, by one' molccide' <>1 carbojiie* acid, (■()(()lh. 
The^ re'lations w ill be' se*('n liy tin' aid of the follow iia,' 
c<|nation, in which the' sti'iictnral formulas eif coppe'r liv- 
droxide^ ami of (‘arbonic acid are^ nse'd : 


Cue 

Cu< 


Olf • 
OH , HO 
OH ^ HO 
OH 


>C0 


Cii< 

Cu< 


OH 

( ) 

()/- 

OH 


CO + 2H,0. 


Tliei salt is basic. 
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Acid Properties and Oxygen. Almost nil those sub- 
.•^Unu't'S which nre culled ucids contuin oxygen, us, for 
t \;iniiile, iiitfic ucul, llXO.^ ; sulphuric ucid, H SO^ ; j)hos- 
jijioi'ic ucid, If JlO, ; siJicir ucid, H SiOg curhoinc ucid, 
lid )., ; boric ucid, H. IU ) ; ('t(\ llic piu^siuuu' of ox vgtui 
ill WHS T('C()i^iiiz(Ml ])y LavoisiVr. As Ik^ showed 

its [)i'<‘S(MKM‘ in acids to and as Ik^ found 

that S(^voi'al clt'nu'nts and some c‘om|)<niiids ;n(' con- 
vcm Um] into acids hy com hi na ( ion w ith o\ \ ^(mi, lu' con- 
cluded tliat tliis (denu'iit is an ('ssential constitinmt of all 
acids, and thei'efoi-e called it oxy^'en, a mum* which, as 
airc'ady stated (scMi [>. *JS), means the aci« l-foninn-. Ac- 
cording to Lavoisi(‘r, liydrocldoric acid, lik(^ other acids, 
contained oxy'gen, and this Yi(nv prevaihnl for jininy years. 

As has been pointed out under the head of (ddorine, 
many investigations waoM', umh'rtaktni with tine ohjewt of 
didmanining w hid Inn- this element does or does not con- 
tain oxyg(m, th(‘ residt being to show' that in tdilorine, 
and conse(|nently in h\ drochloric^ a,ci<l, tlnna^ is no oxygen, 
Si'vmal acids aia^ now know n whi(di are like h ydnxdiloric 
acid in this K'spead, l)ut the latt('r is the best known ex- 
am[)hx Siniilai’ compounds ari' hvdiadaromic acid,H])r; 
hydriodic acid, lit ; aaid hv(b*o(*\ anic acid, IK *X. The 
number of these acids is, howa'vm*, (juiti' sniadl, and it is 
undoubtedly true that, (d‘ the (‘om])ounds whi(di we com- 
Jiioidy c;dl acids, by far tln^ lai’gau’ numlau' contain 
cxygmi as am (‘ssendial constit mmt. T'urtinu*, some coni- 
p"uuds whi(di ar(‘ basic can lx* yoinacrtcd into acids by 
nilrodncing oxygacn into tlnmi. 

thi tln^ otlnu- hand, tlnoa' ar<‘ many compounds w hich 
do not, contain owgen wliitdi <‘xhibit rmictions mdirtdy 
'"lalogons to thos(' of tln‘ acids. Tlnu'e ar(‘ ft)r ('xamph' 
'■'niipounds containing sulphur which combine w ith suh 
l'"id('s, and others containing chloriiK’i whicdi C(xml)ino 
''xnh (ddt)rides in much the same ^vay that the ox\g(Ui 
a'u’ds condaine with oxides, and the compounds formed 
analogous to oidinary salts, oidy they contain 
'^niphur or chlorine in place of oxygen. Thus, thejo is 
^‘oiupouiid of arsenic and sulpliur of the composition 
^hAsS^, known as siilpbarsenic acid, wdiich is analo- 
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goiis to the oxygen compouiKl arsenic acid, HyAsO^. AYIk n 
arsenic acid is treated \vith potassium hydroxide, Ix(JJl, 
this reaction tak(‘S place : 


H .AsO, + MKOH = KyAsO, f m,0. 


8o, too, when snlpharsenic acid is treated with j^otassiinii 
hydrosulphide this reaction talvos ])lace : 


HyAsS, + 8KSH rz: KyAsS, f 


As many such sulphur compounds are decomposed hy 
water yielding tla^ corresponding oxygmi t'ompounds, and 
as most such rinactions must he studied in solution in wat«'r, 
a good reason for tlu‘ fact that they are not as numeious 
as the oxyg(m acids will Ix^ seen. 

Just as sulphur a.(uds act u])on sidphur bases to fniiii 
sulphur salts, so theia', are wind may be called chhuiiio 
acids wliich act upon chloriiu' bases to foiau chloihic 
salts. For ('xample, there is a. com])ound, H,,Pt( d,,, kiion a 
as chlor[)latinic acid, which with chlorides forms well- 
marked salts : 

HyPtCl, + 2KC1 = KyPtCl^ + mCl 

The ])roduct formed in the reaction represented l)y tliis 
equation is known as |)ota.ssium chlorplatinate. Tlir 
reaction is analogous to the folio wijig, in which oxygt ii 
compounds tak(i ])art : 

HyPtOy 1 2K( )H KyPtOy ^ HyO. 

In the chlorine compounds two atoms of the univah nt 
element chlorine take the place of each atom of tlu^ 
lent oxygen. Many such compounds are known ; but in 
woiking with them the same ditliculty arises that was 
referred to above in speaking of the sulphur conij)ouii(ls ; 
many of the chlorides Avhich are capable of forming; 
chloi’ine salts are decomposed by water and converl'd 
into oxygen acids. Therefore, if we start with a chloi iJin 
acid and work in water solution the probability is that 
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tlie product obtaiued ^vill bo an oxygon (ioinpound. Tlu* 
fact that the oxygon acids are tlie most pi’ominont is 
partly to bo asciil)ed to the fact that water is in such 
g«‘iHU’al use as a solvent. ^rho, analogous solvent for 
tli(^ sulphur compounds would l )0 licpiid hydrogen sul- 
pliide, ir^S, l)ut at ordinary temperatui’es this is a gas, 
and it is, therefore, im])ossil)le to work with the sul])hur 
coinpounds muhu- conditions analogous to thos(^ ninlei’ 
w hich wo work with the oxygen compxmnds. 'khe same 
statement applies to the chlorine ('ompounds for which 
the analogous solvent would be Ihpiid hydrochloric acid, 
Kd, — not the solution of the gas in water. 

Nomenclature of Acids. — 33je names of tln^ acids of 
chlorine illustrate some of the principles of nomeiiclatuK! 
in use in chemistry. The acid of the series whi(*h is best 
known is (‘ailed chloric, acid. In naming acids the suthx 
/r is always used in naming the 2 )rincipal nnonber of a 
groiij) of acids containing the same elements. This is 
Siam in the names hydrochloric, snlpluiric, nitric, ])hos- 
plioric, silicic, carbonic, ac(d.i(*, etc. If theia^ ar(i two 
acids containing the sann^ elemeids, that one of the two 
vliii'h contains the smallei- ])ro[)ortion of oxygen is given 
a iiaiiH' ending in ous. Thus we liave tln^ two series : 


Cliloric acid, . . HOIO^ 

Sulphuric acid, . lb, SO, 
Niti-ic acid, „ . . HNO, 

I’liosphoric acid, . HJT), 


(Tdorous Ticid, . . IKTO^ 

Sulphurous acid, . H„S(), 

Nitrous acid, . . 11X0., 

Pho^s])horous acid, H.^bO^ 


bor most cases which [)r(csent themsidves this method 
of naming will sutlice, but in otln'rs tin' number of acids 
laioAvn is larger than two, as, for example, in the series 
chlorine acids. In such cases recourse is had to 
J'lidixes. if there is an acid known containing a smaller 
I'ropoi tioii of oxygen than the one whose name ends in 
it is generally designated by means of the prefix 
wliich is derived from the Greek vtto, signifying 
Under. Thus there are the following examples : Hy- 
pot hlorous acid, HCIO ; hyposnlphurous acid, , 

^'M'^uiitrous acid, H^N/),,; and hypophosphorous acid, 
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It Avill 1)0 soon on (‘()ni]);irin^ the fonmihis ol 
tiu'se ;iei(Is with tlios(^ nbove givtni thnt tliey diller froiu 
tlieiii in ii \er' siin))le \v;iy. 

In tln^ S('ri( s ot* chloriin^ ndds tlnu'e is one wliieli con 
tains a lar^in- propoi-lion of o.\^,^■<‘n than cdiloiie add. It 
is ('alh'd [anchloiie acitl, tin* Latin prefix signilMtin 
]iei(^ V('rv ori’nllv. Sindlaily tlnn-e is a perhroniie acid 
and a p(M‘nian_n‘ani(‘ a<*id, (tflnn- case's aidse', l)nt t]u‘\' aiv 
ot* a nior<' or h'ss spe'cial cliai'acte'r, aJid tin' cojiipoii lids 
are five'll s])('cial naJnes ace'oi'dine; to (dremnsta inu's. 

Nomonclature of Bases. As pednte'd out above, a has( 
is a coinjxnind of a. metal with hvdro^i'ii and ow^cn. 
Tin' l)as('S a.i‘(' coinnionly known as hydroxides; and in 
oi'der to distinguish Ix'twe'c'n tin' hyd roxiih'S of tin' dilli'i- 
ent metals, tin' nann's of tin' nu'tals are put Ix'fori' tlir 
iiann' hydroxide*, as in naininj^ tin* oxide's anet ('h loiiele s. 
Thus, as has he'e'ii se'eii, eanstie* soela, iSaf )Jl, is called 
sodium hyelre)xid(', <'tc. It is nee'e'ssary in sonn* case's hi' 
distiiyi^uish he'twe'i'n two li \ droxidc'S eef tine same* metal. 
This IS ehnn' 1)\’ nsinc the' snihxe's n//s ainl /c in the' sainr 
se'iisee as the'v are* iise'el in naming' eexieh's and chlorides. 
Thus fe'rrie* hydreexieh' has the* compeisition i,, and 

fe'l’j-eius 1) \elre)xid(' the' ('eeinjiosit ioli I’e'lt ) 1 1 ; e'lpiroiis liy- 

elroxieh' is ( 'u( ( ) H ), aiiel enprie* h velreexide' ( dn ( ) H i , < tc. 
Tlu'se* e-e nil I )e )ii lids are' se enie't i nn'S e-alle-el //yd/'n/e.s', aial 
theree are se)nn^ eexx] I'e'asons lor nsini;’ tiiis nann'. a' 
will he* iiiore' fully slown in a. later paragraph. ()ii lix’ 
(ddie'i- hainl, ee iin p( nine Is in which water as sue-h is if' 
[^nareh'el as ]n-e'S(‘nt are* ca.lh'el hydrate's, ainl tinne' is 
dan<^('r of confusion if iln^ same naniG is use'd te) desig- 
nate what are' Ix'lie've'd to lx* tw o e'litire'ly elith'i'e'iit cl;iss(*s 
e)f com jxennds. As e\ain]»h'S of hydrate's we*, havee salts 
w'ith tln'ir wate*]' eef e*rystalliza.tion, chhirine hyelr:it(‘, 
-|- 8H„0 ; hydrex-hleirie* ae*iel hyelrate', IKd | ‘JHdb 
etc. AVdiile seune'. eef the* com[)e)unels which aa’e commoiily 
re^nireled as liyelnite*s slieinhl preihahly lie edassed with the 
liydreixides, there* se'em to he twn» classes, and it is the't. - 
feire desirable te) liave twu) names. 

Nomenclaturo of Salts. — Tlieoretically every metal ( m 
yield a salt with every acid. The salts derived from i 
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ojvoii Jic'id recoivo a <^eiio,va.I u;ime, aud ilii.s goiieral 
iiaiiH' is (jualilicd in c-aso hy tlin naiiui of tlin metal 

(Oiitaiiu'd in tin' salt. 44 mis, all tln^, salts d('ii\(Ml from 
iiili ie acid aa‘e ealhal nifnth^s : aJl tli(‘ salts dci'iNt'd from 
(■lil(>ric aeid aia*. ealliMl ('hJin’dfrs : flic salts ot siil|>li iirir 
acid am callcMl sttlplidfes : tin' salts of ])lios|diori(' acid 
me (‘ailed />//n.s 7 )//(de.s-; ” etc. So too, fm-flu'r, tli(‘ salts of 
clilorons acid aa(‘ ealUal c/iJ(>ril<s: tlios(‘ of nitrous aeid, 
'iiif riles; those of sul])h n I'oijs acid, sal jthitrs ; (dc., etc. 
It will be notic('.d that tln‘ iinal syllabh^ of the name 
of th(‘ salt dilh'i’s accordiiuj;' to tlu' name of the acid. Jf 
the iiaiiH' of th(' acid mids in /c, th<- nam(‘ of tlie salt d('- 
ri\(Ml from it (UkIs in o/r. If tli«‘ Jiaiiu' of tlu' acid (mds 
ill the Jianu' of tin' salt ('lids in Hr. To dis- 

tiiij^uish l)('t\\('(‘n the diricmnl salts of tin- sann‘ acid, 
llic name of tin- metal contained in it is ) u'c'hxi'i 1. 
4'lius, the [lotassium salt of nitric acid is calh'd ])o- 
tassimn iiitra.ti', tin* sodium salt is called sodium ni- 
tral(' ; tin* (‘alcium salt of sulphui'ic aedd is calh'd calcium 
siil|)hat('; tin* ma^in'sium salt of nitrous acid is ma^in-- 
siuiii nitrite; tin* calcium salt of h \ jioch lorous a(‘id is 
calcium h\ |)o('hlorit(' ; etc., ('tc. If a nnctal foinis two 
salts with tin* sann* acid in oiu' of which the vah'in'c of 
th(' iiK'tal is l(o\('r than in tin' otlu'r, tin* oin* in which 
fh(' \ahun'(' of tln‘ nn'tal is low('r is designated bv 
iiic'aus of tin* sutlix e//.s', while tin* oin* in whic'h the 
valeiKM' of tin* nn'tal is hi_e,ln‘r is ( h'siu'iiatc'd by nn'aiis of 
tlic siillix Ir. d’hus tln'ia' aia* two s('ri('s of salts of iron 
'^llich ('orr(-sj)oiid to tin* two chloridi's l'\'(d,, and l'\'('l,. 
Ill one s('ri('s tin' iron appi'ai's to be* bivah'ut, in tln^ 
ciflu'r ti'ivah'nt. Kxanijih's ar(', h('( N().,),. and t\'( XOy.y, 
and h (\.(S( ; etc. ddiosi* salts in w hich tin* 
""II IS bivah'iit ar(' calh'd h'l'rous salts, as fc'rrous 
"itrah', lei'rous sul])hate, ('tc. ; and thos(' in wliich it is 
fiivalent aia^ calh'd h'lric salts, as h'rric nitrate, ferric 
^"lphat(‘, (‘t(‘. Similai'ly tln'ia* are two S('vies of copper 

^ t^trictly spcakiii 1^, llu' salts of siilphuri(; n('i(l sliould lu* called sal- 
vliiiratcH. and those of phosphoric acid phoaphoraks, hut for the saki* of 
'■'iphony and convenience thes(i iniiiies are shortened to the above forms 
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suits known ;is and niipric; salts ; and two seik s 

of Tin'i’onvv salts knoAvn as iiKinairons and mercuric salts. 

If the salts of hydrochloric, acid were named in ac- 
cordaiici^ with tln‘ princi])le just explaimal, they would 
1)(‘ calhal Infd rochlorali's^ and this Jianie is sometimes used 
For <*ompl(‘X salts, but in the case of the salts of IIk^ 
nudals it will be ol>served that tln^se are hhmtical with 
tlio pLodncts fornnal by <lir(M*t combination of tln^ nudals 
witli chlorine. Thus, tiydi‘o(diloric ;u*id and zim^ act as 
r(‘[)resent('d in the (‘([nation 

Zn + 2KC\ ZiiCl, + H, ; 


while zim* and chlorine act thus : 

Zn -h Cl, ZnOl,. 

In each case the same pi'odiud, Zn(d,^, is formed. Did 
thes(‘ compounds of jnetals with chlorine aia^ called c/do- 
•ru/c-s‘, as has aJ]'(‘a.(ly b(‘(‘n (‘xpla.im'd. H(‘nca‘, for tin's*' 
cas(‘s the name hifdnH'hlontte is unn('c(‘ssai‘y. 

The nam(‘ liydrah^ to whi(di rehuamco w’as Tuade in a 
paragrapli above suggests a salt of liydric acid. Dotas- 
siuni hydrate signifies the ])otassimn salt of this acid er 
of wat(‘r. In oiua s(‘ns(‘ this is a. ))ro 2 )er mime for lln* 
compound. It is wad(‘r in whi(di a part of tlu^ hvdi’ognii 
is replac('d by a metal, and it is in this r(‘s])ect lik(‘ a 
salt. WTiile, liow(‘V(‘i-, tlu're is an unmistakabh^ anali»g\ 
between tlu^ formation of a. metallic hvdi'oxiih' fu'iii 
water and that of a salt from an a(d(l, it a])])ears, on tlm 
whole, wis(5 not to (dass wat(‘r with the acids nor with 
the l)as('S, but rath(*r to r(‘gard it as tin* (*()nn(‘(ding liidv 
between the two (dasses. We shall see later that tli'‘ 
similar com])ounds hydrogen sul[)hid(^, H.^S, and li.v- 
drogeu selenide, H,Se, have much more marked ;nid 
propertu^s than wat(n-. When tn^abul wdth metallic hy- 
droxides they form salts of the general formulas M.S 
and MjSe. 



CHAPTER XI. 


NATURAL CLASSIFICATION OF THE ELEMENTS— THE 
PERIODIC LAW. 


Historical. — It lias lonj^ boon known tliat simple rela* 
tioiis exist between the atomie. w(‘i^lits of some elements 
which ri'semble one anoflier elosely. Tims ehlorine, 
hioiniiie, and iodine are very similar ehnmmts. Their 
atoTnie wei^lits are 85.18, 79.81, and 125.89 respectively. 
It will be seen that the atomic woi<j;ht of liromine, 79.31, 
is approximately the mean of those of chlorine and 
iodine. AVe have 


35.18 + 125.89 __ 
o 


80.58. 


A similar <j;ronp is that of sul[)hnr, selenium, and tellu- 
riiiiii, which resemble oiui another as closely as chlorine, 
In'oiiiine, and iodine do. The atondc weights are S = 
31.83, 8e = 78.12, and To = 120.52. AVe liave here 


81.88 ] 120.52 

. 


79.17. 


Other groups are those of phosphorus, 80.79, vauadi- 
^un, 50.99, and arsenit;, 71.11: 


30.79 + 71. tl 


52.01: 


lithium, 0.97, sodium, 22.82, and potassium, 38.82: 


6.97 + 38.82 

2 


= 22.89. 


( 147 ) 
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Til 18(T‘)-()4 A. V, n. \i‘\N Imids calliMl {ittoiitioji to I]!, 
fact that if all tli(‘ c l(‘iiu‘iits aro arraiijj^od in a talili^ in ili,. 
order of their atoiuii* weights, bei^imiiii^- witli tliai oik 
wdiieli lias th(‘ lo\\<‘st atoniii' \vei<;ht and endinj^ a\ itii lli.ii 
one w hieli lias tin' hii^hi'st aloinie \V('i<_;ld, provided IIk v 
are arranged horizontally in i^roups of s(‘V('n, ])h-ieiiii^ I Ik 
eij^htli under the first., the nintli nndi'r tiie sia-ond, ('!(., 
then similar (‘hmnmts Avonhl fall in :1m sanu' jK'rjK io 
dienlar liiu'. Newlands' arranj^-e'm'iit was <piit(' iiiipci- 
ft'ct, and it reipiirt'd considoial ih* modiheation in ordm- t(^ 
make it a})pear at all satisfaelory. In IShh and LSTO twi^ 
papc'i s ap[)(nirod, oin' by I >. Mondolei}!! and th(5 otlnn l)\ 
Jjothar Moyt'r, in whiidi tin'si' n'lations art* tri'aii'd in ,i 
inastm’ly nianin'r, and it was then si'eii that one of Hk 
most inipoi‘tant laws of eln'inistry hml lii'en disi'ovmvd, 
Kverytliin<; h'arned sinei' lln'ii has only niaih* if appiMi 
niori' and nioro e(*rfaiii that tin' la\\' which is known ;is 
th(‘ periodic loir is a fninlann'iilal law of cln'inistrv. 

Arrangement of the Elements. - Mi'inleleeif and Lolli.ir 
iVTi'yer In-ive ])ropos<'d se\('ral a rranyi'iin'iits foi* tin' piir- 
])ose of makiii^' ch'ar tin' conin'ction bi'twi'i'ii the pro|)(‘i'- 
ti('S and atomic wi'ight^ of tin' elements. 4'hose whicli 
hav(' provi'd most useful will first 1 h' givi'ii, and tln'ii IIm' 
comie(‘tion Ix'twc'i'n thi' atomie \\('in;hts and ]>roperti(‘S 
will b(‘ discuss('d bih'tly. 'I'lm il i IlcO'iit ai’ra ngeiiu'iils 
ari^ to b(' ii'^ardi'd only as dilleri'iit wavs of I'X pri'ssiiiu 
the same 1a, w', and no oik' (4’ tln'in is pi'idect. Tin' iiio s- 
tigation of tin' r('lations Ixdwei'ii tin' atomic w ('i<^hts and 
the [)ro[H‘rti<‘S of the ('Icnu'iits has not \('t bi'i'ii pnslicd 
*far (‘Jiouj^h to justify a final opinion as to tlni characln- 
of tln^ relations, but it, has iievertheh'ss reai'ln'd a staur 
in w hich wa^ ari' justilii'd in stating that tln^se n'lation^ 
are general and deep-seated. 
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MENDKLfip:FF’S TAin.K IT. 






i 
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! 

1 




1. 

II. 

III. 

IV. 


VI 

RaO 

I. 


Li::.T 

K 

•‘jy 

Rh 85 

Os 

18.3 


— -I’ 

KO 

II. 


Jio 1) 

Ca 

■10 

Sr 87 

Ha 

1.37 


_ 

RaOg 

TIT. 


R = 11 

Sc 

n 

Y 81) 

I. a 

1.38 

Yh 17.3 

_ 

ROj 

IV. 

nnc) 

0 = le 

Ti 

48 

Zr 90 

Oc 

142 

_ _ 

Th i i] 

RaOft 

V. 

(HaN> 

N = M 

V 

51 

Cl> 94 

Di 

14G 

Ta 182 

__ 

ROj 

vr. 

(HaO) 

O 1(> 
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.Vi 

Mo 9G 

— 


W 181 

V 2 (I) 

RaO^ 

VII. 

(HF) 

F - l‘» 

Mil 

55 

_ _ 

— 


— — 
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RO« 




F(‘ 

5t> 

Rii io;j 

_ 


Os 192? 

_ 


VIII. 



(’o 

58 

Rh 104 

- 


Ir 193 

— _ 





Ni 
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— 

_ 

PI, 195 

_ „ 

RaO 

I. 

H = 1 

Nn-r0.'l 

(ni 

(•..'I 

A^x 108 

— 

— 

An 19G 

— — I 

RO 

11. 



1 Zri 

r.5 

( M ll‘i 

- 

— 

llli 200 


HaO, 

nr. 


Ai 1 

Ga 

cy 

III ii:i 

— 

— j 

TI 204 

_ 

ROa 

IV. 

flf^R) 

Si i.\S 

<a> 

7-i 

Sii 118 

— 

_ ! 

IM) 20G 

_ 

RaO* 

V. 

(HjR) j 

1’ ;a 

As 

75 

si» lio 

— 

i 

Hi 209 

_ 

ROg 

VI. 

(IlaR) 1 

s :{■: 

Sc 

7') 1 

Tc I'i.'?: 

— 

_ j 
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R,0, 

VII. 

(HR) ! 

(’I 

Rr 

80 1 

I r‘7! 


- 


__ . . 


Tn tlio Ji])()vt^ t;il)les tli<^ ?i,])|)i‘()\i]ijMto aloiiiic ^v(M<4li(s 
fu (3 iiS(',(l iiisttaid of tlios<‘ wliicli ])0(‘n (It't^^ruiiiicd 

tiiid calc iil;d(*d Avitli tlic- ^rt^a.t(‘st (*ar(‘. r^\)r inost piit- 

poscs in tlio l;d)or;it()rv flj(‘, approxiinato ii^nircs aiiswt i 
w(dl eiioujj^li, and tli(‘y ;ii;o most, coiiinionly used. la 
tlic, folloAviii^r taldo of Lotlnir Moyer tlio refined ntoiiiii; 
weights (as calculated by iNIeyor and Seubert) are used, 
i lie ditler^nce lietween the two sets of ti^ures is in most 
cases very slight. Thii atomic weights adopted in tliis 
book are those cahndated by F. W. Clarke (see “The 
Constants of Nature,” Fart Y, 1807). 



Hydrogen, H 
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In Moudoleeff’s T.il)le T iho elemonts aro arranged in 
liorizontal Hues, Legiiiidiig Avitli Utliium. AVlion tlm 
(dglitli in the ordi'r of the inereasiiig atomic 

weights is inn-iehed it is foimd that it is vnn'v nuieh iikt' 
litliiuiu. It is sodium. If this is phunal Ixdow lithium, 
and tlie next six eleimuds in the same liorizontal liin', 
wluui tile tifte(‘utli (dement is onudied, it is found like 
the (dghth to he similar to lithium. D]) to and imdud- 
ing nyiugaiK'se tlHU-e are twenty-one elements excdudiiig 
hvdi'ogcui. These fall thmi naturally into three' sc'ih's of 
sev('n mendx'rs (‘a(di, and plaeing these lioii/ontall v, 
thos(^ eh'UUMits whhh fall in the sanu'. [)erpendieii lar 
line's ha\e the sanu' ge'iK'ral (diaraeter. This is se'cn 
most strikingly in (lrou[) I, in Avhiidi lithium, sodium, 
and ])otassinm fall, and in (Iron]) in which nitrogeni, 
phosj)horus, and vanadium fall ; hut tln'ic' is no dillieuUy 
in i‘('(*ognizing tin' similarity in tin* other grou})S. The) 
thri'e ('li'nu'ids following maiigain'St*, iron, nieke'l, 

and cobalt, are* V('r\ nimdi alike*, and tlioy certainly do 
not be'long in (ii’oups I, II, and III, while* the next 
e'le'ine'nt, copper, has some* ])t‘oj)e*rli(‘S which ally it to I Ik* 
nu'mbers of (Irouj) T. ddie* ne*\t six ('h'ments fall in 
Groujes n to ATT, and are* e*\ ieh'idly in ]>la(*e*, and tin* 
six following fall in (Iroups t to \’ I , and a i'e* also in lln ii' 
pi’oj)(*r place's, as far as the'ir prope*rtie's are* coiice'innM 1. 
Afte'r mohbeh'num in the sixlh s(*rios conu's a Idaid^ 
whiedi moans that tlnn-e* is no (d<*nn'!i( to till that ]d:i('c, 
hut that ])rohahl\' tln'le^ is one' undis<-ove*i-e'd whiedi li i-^ 
tin* atomic we'ight appi’oxi mate'ly 100, and has pin >] k'I lii s 
whiedi a l e* similar to thos<^ eif mangane'se. ddie'ii follow 
thre'o ch'iiionts whi'di re'semhle one* ane)th(*r as close'l\ 
ireni, nie' kfil , and cohalt (h). ddie'se elo not he'loiig m 
Gioups I, IT, and in, hut thrm a small iinh^pi'inl' nt 
group, ddie'se* two grou})S e)f threat edenn'iits occur at ik** 
end of then feiurth and sixth series r(*spe*ctiv('ly. 
should theiT'fore expect tea tind a, similar grou}) at the* < n I 
of the eighth se*ries. No siiedi grou]> is known, he)we'\' i. 
though at the end of the tenth series, where we slmidd 
loedv for tlna next similar small group, there are the thioc 
elements iridium, platimiin, and osmium. The eleiin'iks 
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,f St rirs 2 bo^iTininp; with lithimn and ondiii^ with lliio- 
iiK- dilha; in sonu^ respocts quite nuirkedlv ironi all tlu^ 
)lh(U’ (d(Mn('iits, as will Ix^ s(hui wlnui th(‘N' ar(' takiui 
nj). l)(‘»^iuiiin<j; with sodinin, it will 1)(‘ srani that thofe 
ii'(> two S(u i('S of st'vtui ehuiuMits and a, short S(U‘i(‘S of 
lliivt' ; tluni ap;ain two s(‘ri(‘s of s(‘V(in a,nd a scab's of 
lliit'C'; and, although thc' followiuj^ sc'vic's arc*' iaqaa tVct, 
it not ditllcult to rc'coi^nizc' I hat 1 hc' same' i^c'iu'val ar- 
r:inL;enu'nt of tlu'. elc'iuc'iits holds p;t)od to the' caul. A 
st'i'it's of sc'vcai c'lc'inc'nts is c-allc'd a, short period ; whiles 
two short pca'iods with the' ac-c*o!upan yiii^- thrc'c' similar 
t'lt iiH'nts c'onsiitntc^ w hat is c'allc'd a. (omj period. 

In ]\reudel6^trs Table TI the long periods are ar- 
rniigc'cl in pc'r])('nclienlar line's, eaeh long [cc'riod bc'gin- 
iiiiig and c'liding with a, short period and Iniviiig a side 
l^ioiip of thrc'c' c'h'iiu'nts in the middle'. ^Ihins in the 
rolumn bc'ginning Avith jcotassinm there' is, first, the 
short ])eriod ])otassinm to manganc'se, the'n the side 
i^ron]) iron, eol)alt, nic'kc'l, and then tlu' short ])eriod 
rop])or to hromiiK'. In this table' similar c'h'me'nts oea'ur 
ill tlu' same' horizontal line's. Tims in one' line tlu're are', 
lithium, potassium, rnbidinm, and eae'sinm ; in another 
sulphur, se'leninm, and te'llnrinm ; and in anotlu'r ehlo- 
nii(‘, bromine.', and iodine'. 

The' symbols at the' leep of eaedi column in Table I 
liave' le'tV'ia'iu'e' tee the' gc'iu'ral formulas of the e‘om])onnds 
''Ahie'h the' e'h'me'iits in e'ae-h gron|) foinn with oxyge'n and 
^^ilh hyet)‘e)g('n. Jle'ginniug with (ii'ouj) I, the* genn'ral 
Tim II la of the' oxvge'll e-ompeenuds e)f the' me'mbe'TS of this 
'-'I "Up is 1|,(), in whie-h II rc'pi-e'sc'nts any eh'nu'nt of that 
"'"lip; the' general formula, of the' oxvge'u e*emi poiuiels eef 
di-‘ nioinhe'rs of (Ire)np 11 is lv() ; and see een. Jt will be' 
*'l"^*'ive'd that the oxvge'ii compounds grow more' and 
e*()ni])le'x from (Iron]) I to (Iroiip Yll. Writing 
lU),, ;inel IvO., Avith doubh'd formulas, thus; liT),, 
'' juid fhe' series of eaxygen e'ompounds is 

> * piA'sented as beloAV : 


R,0, E,o., B,(\, i{.,ex. E,o, 
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As regai'ds the jjjtnieral forimiLi of tlie oxyg(Mi cotn, 
2)()uiuls of tlio iiieiul)ers of Group AAIT, it must Ix' sai,] 
tliat it (loos not in ^onoral correspond to the coin])osij ion 

110.. Osmium and rutlieiiium do, liowover, form tlir 
oxid(‘s OsO^ and II uO^. 

There is also r(‘<j;ulai-itv in the coni 2 )osition of the li\- 
di'oi^en coni})ounds. Bej^inninj^ witli Group Yll, tliost^ 
members Avhi(*li combine with liydro<^-en form com]X)iii[(]s 
of tlie ^^(Mi(M-al formula TMf, as, for eNain|)l(', OlH, hvdto- 
cldori(* acid ; Til, hydrofluoric acid; ('tc. Those nicm- 
IxH's of Grou]) \I which cond)ine witli liydi’o^en form 
compounds of tlie g(UH'ra.l formula; UK.,, as, for ('xaiiipK', 
water, li.i), and hydr(»t;(‘n snljiliidi*, K.,S. Tlie maxi- 
mum power of combiniiii; with hvdrogiui is nnd witli in 
Group TV, in which occur th(‘ (‘hniK'iits carbon and sili- 
c‘on. Th(^S(^ foi'm th<' h\(lro^<ni compounds ('H, and 

5111.. The nnnnbei's of Grou])s I, II, and TTT do jict 
readily form com])ounds with hydrogim. A few ;nv 
known, but tlnw ar(‘ (piit<‘ unstabha 

hydroxid<‘s vary in composition fi’om tln^ sinptlr 
fortii ihOK) to it(()H).. AVhile in the first four ^‘roiijis 
well-niarknal examph's of th(‘ hvdroxidi^s I1(()H), 11(011 1 , 
K(()K),, and an^ found, in tlu^ fifth ^ronp fin* 

liydin )xi(lcs hav(' not tln^ ^(‘m'ral formnla, 1{( ( ) II tlionyli 
S(‘veral of them hav(‘ tln^ formnla OlhOll).,, as ])lios- 
^ihoric, arscMiic, and aiitimonic acids, which ai’e respi'C- 
tiv(dy OlkOK),, OAsiOlIh,, and OSbfOKp. Thes(‘ may 
lie n'^^ardial as (huiviMl from tin' hydroxides of tln^ 
eral formula 11( 011)^ by loss of waler : 

11(0 HI, = OlhOH), 1 H,0. 


Hydroxyl derivatives of the members of Grouj) ^ t 
corres])ondin;^ to the general formula Ji(()H)„ are knowji, 
as, for example, th<‘ so-calhal hydrab' of snljdinric acid, 
S(()H),. The maximum hydroxides of Group Yll sln cdd 
liave the ^enei’al formula 11(011),, Imt those known d<^ 
not correspond to tliis. The nearest a[)proach to ii 
found in crystallized periodic acid, HJ()„ Avliicli may l>o 
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K :;;ir(led as derived from tlie hydroxide l(OHj, Ly loss 
of one molecule of water, thus : 

l(OH), ()i(()llX + H/). 

Tlie arrau^ement of Lothar Meyei’ is a continuous 
()ii(‘. Tlie elenumts are ai ranged on a s])iral liej^innin;^ 
with lithium and endintr witli iiraidum. Tlie divisions 
arc siK'li that vvium th(‘ two (Uids of the tahle ;iru lirouj^ht 
(ot;c(li(‘r on a cyliiKhu’, tln^ lini' (uidin^' with fiuorin(‘ will 
join that iH'^innin^’ with sodium ; that (uidinji;' with nickel 
will join that Ix'^inniii^' with copjxu* ; and soon. In other 
rcs|)(M‘ts the arran^^-ement is mmdi lik(‘ that in Meiide- 
IccH’s Talde I. W hat Mend(do(*l‘r calls a (liou]), Lothar 
Ilcyer calls a Natural Fitinihf, Avhile those' ('lements w hich 
fall in th(‘ saaiu' hori/ontal line are said to form a se'ih's. 
\o\v, I'acli natural family falls into two i^roups indicati'd 
hy tin' h'tti'i's A and 1> ])laced ahove^. Thus tlu' first 
natural family falls into (irou]> A, consisting:; of lithinm, 
sodium, jiotassium, ruhidium, and ca'sium, and (Iron]) 15. 
('onsistinj^' of co|)|)er, silve'r, and j^old. Lamily II falls 
into ( I roll]) A, consistin;^ of «^lucinuni, mayoiesium, cal- 
cium, strontium, hariuui, and ])erha])s (‘ihium, and ( li'ou]) 
I), (‘oiisistin^’ of /Inc, cadmium, and nn'rmirv ; etc. Tlie 
iiicinhi'is of ('aedi j^roii]) in a family rc'se'inhh' oiu' anotlu'r 
tmicli more' edosely than the'v re'se'inhh' the me'inhe'rs of 
till' othi'i’ ^rou]). 

rill' ti^ure's at the' hottom of the tahh* of Lothar 
^lc\(‘r re'h'r to the' Aalenea* e)f the eh'inents in e'aedi ^reui]). 

I nd^iiij^; hy the^ C()m])osition e)f the' oxieh's and hveh’ox- 
idcs, the' vah'iice iiu're'ases from 1 to 8 fi'orn Lamilies 1 to 
^Ll. Jiut the vah'ue'e^ of the eh'me'uts in each family 
'■e ics aemordin^’ to conditieins. Thus the' vale'ne*e of the 
♦‘I' lm'iits of Family IV is ^ene'rally I, as shown in the 
'■“'"ixmiiets OH,, C(T„ C(L, HiH„ Si01„ Si()„ edc. ; but 
d>' y may also aptiear as bivalent eleme'iits, as seen in the 
onn])onnd (XT. So too, while the elements e)f Lamily V 
as ill IXT^,, NH^Cl, etc., the^y may also 
*>'' tri valent, as in LCl,, Nil,, edc. 

W hat we call valence does uot then ap2)ear to be an 
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uucJniJii^onhJn prop^riy of tlio ohnioiits, but u proj'i rty 
\vhi(‘h lunv clinn^c nrcordin^ to conditions. It apix ais 
lurilu'r Hint :i ^ivrii ('lenient may Jiavo oiio valmuM' (ow. 
ai'ds OIK' eltaiiriit and anotlior valmicn towards anollid- 
(d<'ni(Mit. I liis is most s(rikin^l\’ seam on compa i iui, 
tlic! iorjiiulas of tlio liNdi'opam (‘om])ouiids of tlio (‘|(‘- 
numts of Families V, VI, and \d I Avitli tlioso of tla ir 
oxyg(‘ii compounds. Tlie immdxu-s of I'amilv VII com- 
bine with hydroi^cn in oidy om' pi’oportion, ajid tliat is 
th(^ sim])lest |)ossi])]c. Towards liydro^mn tliesc (d(Mmaits 
are univalent, and tinur valence towai’ds liy<li<>p(Ui is con- 
stant. On thf' otIi(U‘ Jiand, tlu'v combine' with owymi 
and with hydroxyl in seveund pro[>ortions, and judp;in<^ ])V 
the composition of these comj)ounds, tlu' valence tow- 
ards oxygen varie's from 1 to 7. Tin' memlx'is of 
h'aniily Y1 are bivah'iit towards hydrogen, and their liv- 
drogeii valence is constant; but they combine with o\v- 
gen and hydi’oxyl in s('V('ral ])ro])ortions, and tln^ coni])o- 
sition of the compounds indicab's that their valeiuM' 
towuirds oxygen varie's from 2 to b. The hydrogem val- 
ence of the mend>eis of Immily A" is d, whihe tlu' ox^gcIl 
valence varie's from 1 to n. Finally, tin' hydrogen \al- 
♦mce of the m('nd)ers of Ibandly 1\' is 4, while tin' oxvgcii 
vah'ina' varie's from ‘J to I. As regards tin' hvdrogi'ii 
vah'inae of tin* nn'ndx'rs of Ibimilie's 1 to TIT, but little is 
known. These' e'h'ments do not ge'in'ralh' combim' willi 
hydfogeii, though sonn* of tln'tii do. ^Towards owyvii 
tln'ii' \alenc<' is laiily e'onstant, though sonn* Naiiatmim 
are' obs('i'\e'd as in the* I'ase* e»t eoppe'i' and me'rcin'\. 

Juelgiiig tin'll by the* composition of the* e'onijxHiinb, 
we* are justitied in making a e! istinetion be'twe'e'ii IIm' 
fnjd rnif(‘ii-rnl('iicr ol some* e'h'ine'nts and the'ir o.ryjin- 
vuhiirr. \\ hih' the* hernn'r is eauistant, the* lattei’ is s!ik 
je'ct to variations. In those* case's in wliie'h tlie're' is a 
niarke'el eli tte'i e'nce* be'twe'e'ii the' h (fd roifru-vultnc'e o{ an > Ir- 
nn'iit aiiel its maximum o.npp'n-cah tier^ the max inn"" 
vidence teiwaa’ds chhu'iin* is gre'ate'r than the* liyelro'M le 
valence and h'ss tlian the maximum oxygen-vah no'. 
This is sheiwn in the case ()f svdphur ; the feirmulas of its 
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coiiiptMiiul niid of its highest coiupounds with 
1 1(1 lint’s Mild oxygen being respeeiivtdy 


HH., 


HCl 


S(). 


Im’oiii this it M])peMrs that the inaxininni valenee of snl- 
pliur towards hydrogen is ‘2, towards chlorine 4, and 
to WM iris oxygen b. 

Connection between the Position of the Elements in the 
Natural System and their Chemical Properties. — The 
(■liaiiges in composition of tlie oxygen and liydrogeii 
com pounds and of tlie liydroxides from Family I to VII 
lieen referred to. Another fact of grt'at impor- 
tance is that the ehnnents of (xroiip 1 are the most 
strongly marked base-forming elements, while those of 
<4rou]) YII are tiur most strongly marked acid-foi’ining 
I'lennmts. Passing in either direction the character of 
llic (dements becomes less pronounced, until in the mid- 
dle (droup lY), eh'rmmts whicdi form neither strongly 
marki'd acids nor sti'ongly marked bases are found. 
I'lins, beginning with sodium, this (dimient forms a 
strong base, magiK'siiim forms a W(\aker base, the hy- 
dr()xid(M)f aluminium is a still weakfU* base. Ih'ginning, 
ell tlie other hand, with (ddorine at tin" other end of tln^ 
s.iiiie seri(‘s, its hydrog(‘n conpiound is a sti’onglv marked 
acid ; tliat of sidjilmr is an atdd, but h'ss marked in (diar- 
ai tt'i' tlian li vdrocddoric a(dd ; that of ])hospliorus has no 
■acid ])ro])erti("s, nor has that of silicon. Tin" hydroxidi's 
"I lliesi' four (dennuits l)a\(‘ a(dd ])rop(*rti("s. Ikaidi one, 
l"Mvev«‘r, forms S("V('ral adds, and it is dillicult to com- 
pare th("m, as some of tlios(* of (diloriin" are strongly 
'"arkfd and otln^i’s not, as av<" have" s<Mm. 

S()iii(x y intiua'sting variations in ])rop("rti(‘S aia" also 
'ailicc'd in passing from out" ("inl of a grou]) of a natural 
taiiiilv to the other. Thus in (Iroup P, Family VII, the 
‘'i';avit,y of the elements grows less from fluorine to iodine, 
as we commonly say, lluorine is tin" strongi'st ele- 
"" 'd in the group, and then follow, in ordi'r, chlorine, 
'’' "tiine, and iodine. 
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Tlu' reiiiMrkiil)lo relations above' re'feiTed to are siuhukm] 
np in the periodic* law : 

77/e propniies of (in ehomnit (iro 'periodic' f nnci ions of fh, 
cifomiv nriijhf. 

It a[)p('ars that if an oh'nn'iit has a certain Mlomic 
wei^dit it must have' cei-tain proj){'rties, and that if {li,‘ 
atomie* wei^^ht is known the' prope'itie's caji be* st.iftd^ 
just as, it tlie prope'i tie's aie* kiown, the' atomie* we idilit 
can be ;ip|)roximate'l y state'el. W’he'u the' law avjis tiist 
stnte'el, INrendeh'etl ])re'elicte'el the* eliscove'i v e)f cert Ji in dt - 
ments tee till seune e)f the* vacant plae*e‘S in the* table*. At 
that time' the* e*le*me‘nts pallium, (la, sc'aiielium, Se*. .ind 
peAnnaniiim, (le*, we*re* met kne>wn. Ne)t e)nlv was tlKir 
elisceeve'l'V [ile'e I icte'el, but the'ir j)le )pe*rtie'S We'l’e* cleaily 
state'd ye'Ml’s be*fe)re* tlie'V we'ie' breeiiplit to liplit. W itliiii 
tiie' last h*\\ ye*ars the*se* thre*e* e'h'iiie'nts have' he'e'ii dis- 
e*o\ e'le'el, aiiel a re'Diarkable* apl’e'e'me'ut is e >bse']’\ e*el he*- 
twe'e'ii the*ir j ere >| )e*rt ie's as ele*te*rmiiie'd 1)\- e ebse'r vatie )ii ami 
as ten'eteehl bj' Mend(‘h.'‘etf by the* aiel eel’ the* lee'ihxiic 
la w. 

d he* re'latiems be't\ve*e*n the* ateemie* we'iphts ami jeropri- 
tie's will appe'ar ineere* ami meere* cle'aal \' as eeur stmU nf 
the' e‘le*me*nts jere e*ee‘ds. ddie* natural arranp'e*me*nt of the* 
e‘le'me*nts suppe*ste'el by the* pe'iieeelie* law is adeeptod in 
this beeeek. ddie* e*h'me'nts h ve 1 re >pe*n, eexvpe'ii, aiiel e Idc- 
rine* we*i*e* stueiie'el at the* eeutse't in eereh'T tee illustratr (lit* 
methoels e>f stuel\ inp e'he*mie-al pre)ble*ms, anel as e'xam 
rih's eef e*he*mie‘al e*le'me*nts in pe'iiei-al. it is, heewt \t‘i, 
neew time' tee take' up the' e'h'ine'nts s\ ste'matie*a,l dy and Ic 
leaiai what may he* ne>e*e‘ssary iu re'parel tee the*m in endi i 
te) pe't as e'le'ai' a ne)tie)n as ])e>ssil)le‘ eef the* fae'ts anel prin- 
ci|)le*s of the se'ie'ne*e' eef che*mistrv. 

Plan to bo followed. — The* most svste'inatie* im'tliod 
])re»ce'elur(* in stuelyinp the* e'h'me'nts Aveeuhl be', tee iH pin 
with iainily I, (Ireeiip A (se*e' Ijeathar AFe'ye'r’s la hi'*, 
p. 151), the'ii te> take^ up (Ireni]) ]> eef the sainex fanid.v , 
anel see eeii in eereh'i', enelinp with Family \ TIT. it S( • 
be'tteu’, heewe've'j*, te) be'pin with Family ATT; te) f llcw 
with Fa, mi lies \ T, A, anel TV; anel the'ii to take* np 
order Families I, TT, TTT, and A'iTi. The main ]< 
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f,,i (Ill's is tliat it is impossible to study most of tiii^ mem- 
l)ris of Ibimilies I, TI, ill, and YITf without a knowl- 
rdi^e of several of the elmmmts of Families YII, YI, Y, 
,111(1 IV, while these last familii^s can b(‘ stiidital with 
oiilv slight r('feren(*e to the; olhers. It is projiosc'd tlaui 
to he^iii with Group 11 , i'amily \ 11 , tlu^ imuidx'rs ot 
wliiiii are very mueh lik(‘ eldoriiu'. The only menilier 
n[ (Ironp A of this family is nian^ane‘S<'. Y hile man- 
ganese r('seml)l(‘s tlu' memlaus of tln‘ chlorine <4rony> in 
soiiM' r('S[)ects, it has otluu’ prop('rti<‘s which ally it to 
tli(‘ so-calh‘d base-lormin*:; edenumts. So idso tlu' mem- 
hiM's of Group A, Family YT, are lik(‘ tlie members of the 
owyi'ii or sulphur group, but tlu'v ari' also allital to the 
liase-formiug (diumuits. A simih‘ir dillereiice is oliseryed 
hetwiMMi the members of Groujis A and l>, Familv Y. 

\\ Idle the plan abov(‘ sketiduMl taki's into considera- 
tion the gr(‘at(‘r numb(u-of the aiiah>gics of tin' (diunents, 
tlnuf' are (hher analogies which are not brought out. 
Idiiis, as will b(' s('eii in due time, the elemmits alumin- 
iiitn, chromium, mangam'se, and iron ari' analogous in 
SOUK' la'spects, but by following the ])lan skidched they 
will be taken up in dithuamt grou])s. This a]»]>ears to l)e 
juslilied, however, wlnui we eonsiihu’ the (uitiri' conduct 
oi th('S(' ('humuits, and do not coniine ourscdves to a study 
ei only a. few reactions which, Vudiig useful for some 
}ni i-j)os('s, haye been studied more (*arefully than others 
widt h from a scientihc point of view' are perhaps just as 
important. 



CHAPTER XII. 


THE ELEMENTS OF FAMILY VII, GROUP R. 

FLl ORINE-Cll LOREN Iv-RKO.MIAE— IODINE. 

GoneraL— The elomeiits of this •^roup are eominonlv 
called the /takx/ens. The best known nieniber of tlin 
group is chlorine, which has alr(\M,dy been tr(*at(Ml. Al- 
though lluorine is in gen('r;i,l like, the otlun* iinuubers of 
the group, it dillers froni them in sonn^ res[)ects, ;iim 1 it 
certainly is not as much like them as tliey are \ik(\ om^ 
another. AVliile chlorine, bromine, and iodine accojii- 
paiiy one anotlnu’ in mdur(', tluoi im'. com])ounds are not 
generally found in c()mj)any with compounds of the othor 
elements of tlu‘ family. In those cases in which chlorint'. 
l)romine, and iodim* are found tog(*ther, (idorine is gen- 
erally |)r(‘S(mt in largest ([uantity, a-ud iodine in smallest 
quantity. Fluorine and ehlorine an^ gases under oidi- 
nary conditions, whih‘ bromim^. is a li([uid and iodiiK' is 
a solid. Fluorine, bromims and iodines form with liy- 
drogen the compounds hydrojluoric. acid, HF, hydre- 
bromic acid, illb-, and hydriodic acid, HI, wliieli 
are analogous to h yib'ochloric acid. All these eoiii- 
pounds are gas('s which hav<‘ mark(al acid ])rop(‘rl it s. 
AVith oxyg(‘n, fluorine does not combine, wlnu’eas c1ile 
rine, bromim', and io<lim‘ combim^ witli it in a nurnlxu' el 
pro])ortions, as has alr(*ady Ixmui s(Hm in the cas(‘ of clile- 
rine. Among tlnmisel ves these (dennuds also form 
compounds ; thus bromine a, ml chlorine form the coiie 
pound Hr(1; iodine forms the com])ounds IFl, b 
I13r, and IF,,. It ap 2 )ea,rs from this that the valenct' el 
iodine toAvards l>romine is 1, towards chlorine R, and 
towards fluorine 5. 

Towards base-forming members the elements of dii'^ 
group are univalent, as shown in such compounds as 
NaCl, KBr, CaCl^, KI, etc. They, however, appear to 
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liiivo a. valence greater tlian 1 in sonie compounds known 
double salts. These can be explained satisfactorily 
onlv by assuming that in then, the element is in combi- 
nation with itself and has a valenee greater than 1. 

BnoMiNK, Br (At. Wt. 71).:U). 

Occurrence. — ^This element occurs in nature in com- 
pany with cldorine. Cldorine, as has Inaui stated, o(‘c.m-s 
mostly in combination witli sodium, as sodium cldoride, 
or (aunmon salt. In several of the gi'(‘at salt-beds 
hronune occurs in the form of sodium bromide, Xallr, and 
in some ])laces it occurs as magmisium bromides, jMgBr.^. 
The chief source of broniim‘ is the niotluu-liipiors from 
the salt works. \\ lu'ii a solution (‘ontaining a larger 
(piaiitity of sodium chloihh* and a small (juaiitity of bro- 
mide is (‘va])orat('d, tin' chloride is first ih'])osited, and 
tVoiii the nioth('r-li(piors th(‘ bromide' mixe'd with chlo- 
iid(' is deposited. Th(‘ great beds at Stassfurt are' ])ar- 
ticidaiTy rich in bre)mides, anel a. great eh'al e)f l>romine‘ 
is niade^ fre)in the^ salts which e)ccur in this h)ca]ity. 

Preparation. — Breunine e'aii be [eie'jiareul from the 
bi’oniides in the sanies way that chheriin^ is mae1e from the 
chlorides: by first Ire'ating with snlphuiic aedd, thuslib- 
e rating hydroliromic aedd, and flnoi treniting with man- 
gaiH'sei dioxide', or, be'tte'r, by ndxing the' breemiehc witli 
hianganesi' elioxide and treating the mixture with sul- 
phuric acid. The leaction is repre'sented by the eepiation 

TSiiBv -I- AlnO, f ‘2I1..SO, = 

Xa,S(\ + MnSO, -f m,0 f Br,. 

t h- it max' be' re'pre'sente'el as taking place' in eliiferent 
htage's. TTrst the sul|)hurie- aciel xvoiilel libei*ate hyeli’e)- 
hr( niie* acid fre>in the bromiele, anel this weuilel act upon 
the manganeses dioxide thus : 

MnO., 4 4HBr := INlnBr, + 2H,() + Br,. 

But sulplundc acid xvouhl act upon manganous bromide, 
thus : 

MnBr, + H,SO, MnSO, + 2HBr ; 
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and tlio hydrobroinic- acid would tLoii a^^aiu react w ith 
uiangaiies(‘ dioxide, tdr*. 

AiiotlKU- inetliod foi' ilu' |)i‘e])aratioii of biondiie dc- 
pends upon tln^ tact that elilorinc lias the jiowc'r to set 
l)roniiji(‘ I'roni ds eoinpoiinds. If, tlunidoii*, a solu- 
ti(ni eoutaiuiiij^ a hrouiiih^ is treated with inau^aiicsc 
dioxide' and liydi’oehloric acid, tin' ehloriiK' which is 
foniK'd from I In' liyd ro(ddoric acid w ill aed u])oii tlir 
hroinieh' and hromiiu' w ill lx* i;i\('U olh This method is 
used at Stassfiirt. 

Proporties. llromiiK' is a In'avv, dark-re'd li(|uid at 
ordinai'v t(‘mi)eratiii('s. If <'\ posed t(> tin' air it is coii- 
vertc'd into a va,])or of a brow iiish-ua'd color. It hods at 
dS oS.i; , and at 7.d it iss(did. It lias an ('xtremelv 
disagri'eabh' odor, to which fa,ct it owes its nann' (from 
a stenndi ). Fiom carlion disul|)hide at — ih) ’ it 
crystallizes in tiin* dark-re'd lU'edles. 

Its jiroperties ai’o similar to those of chloi’ine. It acts 
violently upon organic substance's; attacking the', skin, 
and tln:^ nn'mhi'ain's lininja,' tln^ passatte's of tin* throat and 
lun^s. Wounds caiise'd by tln^ licjuiel comin^j; in coiitani 
with the skin are' ])ainful and serieiiis, and it must tln'it - 
foro b('. hajielled with ^o-eat carti. 

Like' iddeirine', bromine' is dissolve'd by wate'r, one' jiarl 
dissolvin'^; in dd.M parts ad Jd'k The* solution, which has 
a re'ddish color am] the' oelor of bromine', is calk'd /c'"- 
mirie mttrr. At a low te'iipx'rature* bromine forms witli 
wate'r a e'omjionml in e've'ry wa\' analogous te) e‘hloi'iin 
hydrate', breimine' hyelrate', lb’., | ll)il„(b ddiis dt - 

compeeses whe'ii te'ft in e'emtaed. with tin' air at eiialiiini’v 
tem|)e'ratui‘e's. 

Chemical Conduct of Bromine. - bromine' acts cln ini- 
cally like' e'hhirine'. Tt was iieeinte'el e)nt that chhtiim* 
acts in thre'e' elilh're'iit ways : (1) by elire'e't aelelitieiii ; i 'b 
by substitutiem ; ainl (‘1) by libe'i’atinjji; oxyge'ii fioin 
wniter, as in lih'ae'hin^- and otlu'r oxielizin^ preice'ss 's. 
bromine is capable of aedin^ in all thre'o ways. It com- 
biners direrctly with l)ase-forndn^ e*hunents or metals, 'S 
iron, aluminium, potassium, eter. ; also with the ae id- 
forming elements, as suljdiur, phosphe)rus, etc. It c- ar 
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j)ii)rs witli hydrojjjcui ulniost ;is readily as cldorbie does. 
\\ itli o\yf^eii it does not (*oiul)ine dir<‘etly, and in tliis 
ivsjieet also it is like ehlorine. 

It a(ds upon eonipoiinds eontainin^ hydrogen almost 
r(';idily as eldorine dotis, ri^plaeing tlie liydrogmi and 
f( Hilling bromine sul)stitution-})roduets. Thus lienzene, 
(^11,, yields tlie ])rodu(*ts (\lfjb\ (\.H,l>r.,, 

( ' 1 1 1 >r,, <d(*., and tie' li vdrogen wliicli halves tin’s (;om- 
j)()iind passes oil' in combination Avitlv bromine in tlie 
tonii of hydrobi'ornic acid. 

11 l>l(Hiclies like chlorin(‘, jiartly by direct action and 
disintegration of the orga.nic dye-stuft*s, partly by action 
iijioii watin-, liberating oxygen. 

A solution of bromine in water hdt exposed to the 
(lii'iM't sunlight los('s its color and becomes acid in conse- 
(|U('iic(‘ of the decomposition of tin* watiu', as in the cas(^ 
of (diloidne : 


Br, 

1 II/' - 

2 HBr 0, 

or ‘2Br, 

f •m.p = 

IHBr + ()., 


Uses of Bromine, — Bromine and its i*om])ounds are 
us( (1 ill photograph \ , nn'diidim, and to some extent in 
tile laannfactiux' of coal-tar colors. It is manufacturial 
ill larg(' ipmntit\ , and a. good jn’oportion oi it is manii- 
f.u l 1110(1 ill th(‘ United Stall's. According to the otlicial 
i'''|»"it till' production of bi'omim' in the I nitc'd States 
ill tli(‘ y(\ar iShb amounti'd to over oOUjOtJO piounds. 

ITydrobromic Acid, HBr. — The only (‘ojipiound which 
I'loiiiiiK' forms with hy<lrog(m ahnu' is hvdndiromic acid. 

I his is in all ix'speets very much like hydrochloric acid. 
It is s('t free from lironiidi's by the action of sulphuric 
*"'id, hut owiiyg to its instability it acts u])on tin' sul- 
ldiiiri(* acid, causing (h'conqiosition. ddie tdmnents hy- 
^i''>,gen and bromine ai’e not held together as iirmly in 
hyd robromic- acid as hydrogen and chlorine are in hy- 
diochlorii; acid. Consmjuently, if hy drobroiuic acid is 
I'* ought together with certain substances which contain 
it gives up its liydrogen to the oxygen. This is 
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seen in the conduct towards iininganese dioxide, Wni 
towards this sul)stanc(i l)otli hydrix-ldoric and hydio- 
Lroniic acids act in essentially' the same way. Sulj)liin'ic 
acid does not, however, ^ive up its oxygen as readily as 
manganese dioxide, and the diflerence in the stability of 
the hydrogen compounds of chlorine and brojniiu' is 
seen very clearly in tlieii* conduct towards sul])liinic 
acid. Hydrocdiloric acid does not act upon sul2)huiic 
acid at all. liydrobroinic acid acts according to tin 
following ecpiation ; 

2HBr + H,S(), =. 211,0 | ^0, ] Br,. 

The action consists in the decom})osii ion of the hy dro- 
broniic acid into bi-omine and hydrogen, and the subsi - 
(pient action of the nascent hydrogen upon the sulphuric 
acid thus : 


2HBr 2H f Br, ; and 
H,S0, + 211 rr. 211,0 ^ SO,. 

The hydrobromic acid acts Inuus i lnm, as a reducing agc'iil, 
and the sulphuric, acid as an oxidizing agcud. It is ])l;dii 
that hydrobromic acid cannot b(‘ made in pine condilieii 
by the action of sul])huric acid upon a bromide. Seine 
of th(‘. hydrobromic acid, to Ix^ sui’(‘, c'scafies the aclieii 
of th(‘ sul[)huri(^ acid, but at b(‘st it is always mixed vitli 
the compound SO,, or suljihur dioxide, which is a pas, 
and with bromimu 

It can b(^ madt^. by passing a mixtui'e of hydrogen and 
bromiiK^ oym* heated timdy' diyid(‘d platinum. An ap- 
paratus has bemi devisiMl for making hy drobromic mad 
in this way in (piantity. 

It can also be made by allowing bromine to act upon 
an orgaidc compound containing liydrogen. Substilnt- 
ing action takes ])la(ai and hydrobromic acid is given ell. 
Thus, if a compound of the formula 0,„1I„ were used, 
reaction would bo represented in this way : 


C,„H„ + Br,-C,,H„Br + HBr. 
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Tlie product Cj^,H,^jJ 3 r, or tlio l)ro]nino siibstitntiou- 
pioduct, would not 1)0 vola.tilo at ordinary tom2)oratur(^s, 
jijid therefore only the hydrohroinic! would 1)0 given oil’. 

The method most commoid}^ ado[)t('d in the labora- 
tory consists in treating ])hosph()rns with bromim^ and 
water. In all probability the bromine acts first upon the 
phosphorus, forming tiie product PHr., or PPr, accord- 
ing to the proportions of tln^ sul)stanc('s used. Both 
these substances are deeoni])osed by wat(U-, the first 
forniiiig phosphorous acid and liydrobromic acid, accord- 
ing to tliis e<piation : 

( Br HHO 

P^ Br + HilO PO3H, + 3 HBr, 

( Ih HHO 

or PBr3 + :IH,() PQ^H, -j- dllBr ; 

the second forming phosphoric acid and liydrobromic 
acid : 

PBr, - I HPO == PO^H^ + r)HBr. 

^riie gas thus hn-ined can be freed from biannine by 
])assing it through a tube containing ])hos[)hoi‘us. 

Proportios.— -Hydrobromicr acid is a colorless gas Avhicdi 
tonus fuiiu's in contact with the air in consei pumc'e of its 
attraction for moisture. It dissolve's in wate'r in largo 
])rop()rtio]i. The solution conducts itself much like hy- 
elrocliloric acid. When boiled a comjxnind of delinito 
coiii[)osition passc's over under ordinary conditions. It 
);oii(‘S]>()nds to the formula HBr but here, as 
'vitli the hydrate of hydi 'ochloric acid, the com})osition 
changt's with the pia'ssnre. A\ith metallic hydroxide's 
or bases, hydrobromic acid forms bromides, as hydro 
chloric acid forms chloride's : 

KOI! I HBr : . KBr | H/). 

Compounds of Bromine with Hydrogen and Oxygen. — 
^^ith hyelrogen anel e^xygon bromine forms compounels 
’^hich chasely resemble those which chleuane forms with 
li>e same elements. They are : Hypobromems aciel. 
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HBrO ; bromic jicid, HBrO^ ; and perliaj^s perbroiui(i 
acid, HBrO^. 

Hypohromom acid, HBrO, is made by reactions wliicli 
are entirely analogous to those used in making hypo- 
cldoi ous acid. When bromine acts upon a dilute solu- 
tion of sodium or potassium hydroxide, reaction takc's 
place thus : 

2KOH -I Br, KBr + KBrO + 11,0. 

So also bromine va])or acting iH)Oji slaked lime or cab 
cinm hydroxid(i forms a comi)onnd similar to bleaching’ 
powder. Hvj)obronions acid has not l)e('n 2 )re 2 )are(l in 
pure condition owing to its instability. 

Broaiic acid, HBiO^, is not known in pure condition. 
Its salts are mad(i in the same way as the chlorates 
are ; the principal reaction made use of for the pur])ose 
being that between bromine and concentrated ijotassiiiin 
hydroxide : 

;iBr, -I (>K0n 5 KBr + KBrO, + 3H,0. 

The decompositions of the bromates are much lilv(^ 
those of the chlorab's. 

As regards tln^ existem*e of ])erbromic acid tlnu’e is 
some doul)t. It is stated by one observer that he ob- 
tained it by treating perchloric acid with bromine: 


HOlO, 1- Br = HBrO, + Cl. 

Others have not siun^eeded in getting it in this or in any 
other way. 

Compound of Bromine and Chlorine.— When chlorine 
is passed into licpiid bromine it is absorl)ed in laign 
<piantity. If the process is carrhul on at a low tcnqan a- 
ture the product BrCl is formed. Above it under- 
goes decomposition. Although it is unstable, then' i^ 
no good reason for regarding this substance as anytln'ng 
but a chemical compound. There are many chemi* al 
compounds known whicli are less stable tlmn this. 
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Iodine, I (At. Wt. 125.89). 

Occurrence. — Iodine, ;is li:is alrejidy been stated, occurs 
in cotnpauy with chlorine and V)roinine in nature, but in 
smaller quantity than these. I'he relative quantity in 
sea water is extiaunely small. The sea ])lants, however, 
assimilate it, and the aslies of these plants contain a 
considerable quantity of compounds of iodine. It also 
ocmirs in small ([uantity in the j^reat l)eds of soda salt- 
peter, or sodium nitrates, which are found in (Tiili, South 
Ammica. It oc*curs in small ([uantitv in combination 
with silver, and also in combination with lead and with 
mercuiry. 

Preparation. — The metln^d of obtaining,' ioiline from 
its salts is like that used in makin<.^ chlorine and bromine 
from the chloriih'S and bromides. It consists in treat- 
in^^ the iodides with sulphuric acid and manganese 
dioxide. 


‘2KI + MnO, + 2H,S0, = K,S(), f ArnSO, + + 1,. 

The iodine, although solid at tlie ordinaiy tenq)era- 
inre, is easily volatilizial, and if the mixture mentioned 
is Inaited, iodine vapor [)asst‘s ovm* and may be con- 
densed in a])])ro[)riat(dy arranged vessels. 

On the hirge scale iodim^ is obtaimal mostly from sea- 
AV('('d. On the coasts of Scotland, Indand, and ITance 
11 h‘ sea-weed which is throw n u]» by storms is gathmcHl, 
dri('d, and burned. The organic ])oi-tions ar(‘ thus de- 
stroyed, and the mineral or earthy portions ar(‘ hd’t he- 
liiml as ashes. ddiis incombustible residue is (‘alhal 
hip. It contains a small p(‘rc(‘ntag(^ of potassium 
iodide, from .5 to 2 per cent according to the sea- weed 
us(al. The dried weed was formerly Inirnod in cavities 
dug in the earth, but of late years tlie ])rocess has in 
some places been much improved, and the yhdd in kelp 
increased. 

In Scotland the iodine is liberated by^ means of sul- 
phuric acid and manganese dioxide. In Trance, how'- 
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<'vor, this is eU’ectcd bypassing chlorine into tlie solution 
i'ontaining the iodide. If too little clilorhie is used nil 
th(^ iodine is not separated; if too inu(*h, a compound of 
iodine and chlorine is formed, or an iodat(', in const - 
(jinmce of the oxidizing action of tlie chlojine on tln^ 
iodiiK'. 

Tln^ iodine wldch occurs in Chili saltpeter, NnNOg, is 
in the form of sodium iodat(', XalO.,, and iodhhv, N;il, 
and to some (extent as magnesium iodid(‘, Mgi.j. IMosi 
of the iodine now in the market is made from tliis nin- 
terial, and the competition created in this way has hnl 
to a careful study of the process for obtaining iodine 
from kelp. Sea-w('ed is now collected from certain pa, its 
of the ocean where it grows in large (juantity, vessels 
being s(nit out for tin' pur|)oso. 

Properties. lodiiu' is ji grayish-l)lack crystallized 
solid. At ordinary tem])eratures it is volatih'.. Ac(a)r(l- 
ing to the most r(‘liable (h'tei'ininations it melts at 
lid lid , and boils at ‘250 ’. Tin'- va])or has a violet, 
color wln'ii mixed with air. When in juin^ cojidition 
it is intensely bbu'. At temp(‘ratun^s considerably 
abov('. the boiling point the sp('citi(' gravity of iodiiu^ 
vapor is such as to show that its moh'cular w('ight is 
ap|)ro\iiiiat('i \ 251, oi- twice' tin', atomic, wc'iglit. As the, 
t('ui[)eratur(‘ is raise'd, how(‘V('r, the specific, gravity is 
lowe'i'cd, until, tinally, at a \('ry high te'iupeu'ature', it 
l)('('om<'S about half what it is at lowe'i’ temipe'rat ures. 
ddiis is accouide'd for by supposing that at tin' lower 
(('m[)eratur('s tin' juoh'cuh's of iodine, consist of t\\" 
atoms <‘a(di, while as tin' t('mp('aatu re is rais('d these 
moh'cules are, gradually br(dc('U dowji, so that at the 
ti'inpteratuia' at which the lowest S])ecitic gi’avity is 
ri'aclnsl tlie iodiin^ vapor consists of free atoms, or the 
atoms and moh'cules avc^ then identical, and the, sja'citi'’ 
gravity is therefore only half what it is when the mole- 
cules consist of two atoms. 

Iodine has a characteristic strong taste. It acts u])ea 
the mucous irnnnbrain'S, but mucli h'ss em^rgetii'aHy 
than chlorino or bromine. It colors the skin yollowis! - 
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{,)(n\]i, and acts as an aLsorbniit, causing tlio rcaluctir)]! 
of sonn^ kinds of swcljings. 

it (lissolv<‘S slightly in water, easily in alcoliol, and 
,“;isil\ in a \vat(‘r solution of pota.ssimii iodi(U'. Tlit'. 
soliitioii ill alcohol is known as tincture of iodiiu',. It 
dissolve's also in carbon disnl[>hi(l(‘, (JS.,, and in chloi'o- 
fonii forming solutiojis wliicb have a beautiful dee'p 
violet (*olor. 

Ill general, iodine conducts itsi'lf chemically like bro- 
iniiie and chlorine, only it acts in almost all reactions 
l('ss energetically than the otlu'r two (deunents. It com- 
hiiies directly’ with a numbi'r of (deuK'nts, as with hydro- 
gen, sulphur, phosphorus, ii‘on, nnuauiry, etc. In pres- 
eniei' of water it acts as an oxidi/er just as chlorine and 
In’ornino do, but less enei-getieally. Thus it oxidizes 
sii][thurous acid, to sulphuric acid, ; 

H,80, + T, + H /) - H,SO, i 2HI. 

As a substituting agent it does not act as readily as 
eldorine and In’omine, though iodine substitution-prod- 
uets are made in large (piantities, particularly^ in con- 
ntM'tion with the manufacture of d ve'-stn tl's. 

Iodine is used extmisivel v in the dye-stull’ industry, in 
[diotographyy and in medicine. One factory in Scotland 
]ii;ik('s on a.n avi'ragi' (>0 tons of iodine a. y^ear. 

tlydriodic Acid, III.— ddie atHnitv of In drogen for 
U'diiie is h'ss than for bromine, and therefore hy driodii* 
K'ld cannot b(‘ made ])ure bv tri'ating an iodidi' with 
"^•d j ilmrii* acid. Tlu‘ hvdi’ogi'ii of the Indiaodic acid 
■>' ts upon th(‘ sulphun’c acid vm-y readily , and aen'ording 
t" III!' conditions tlu' following ri'actions may take' 

J)l;u’e; 

ii,s(), + «iir r ni/) 1-sii, k u 

H.,S( I tdii == 111,0 -f s + ai, ; 

H,S0^ -1 21 1 ,o + so, + 1,, 

bhi treating potassium iodide with sulphuric acid, 
Ih'uefore, there may bo formed, in addition to hy driodic 
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acid and free iodine, sulpliur dioxide, siil 2 )linr and liydio, 
g(^n snlpliide. 

The niefcliod adopted for the preparation of hydriodi,- 
acid is like that used for the preparation of liydrobroini,- 
acid. It consists in treating [)hospliorns with iodine .ntd 
water. Tlie reactions involved are of the same kind as 
those wliicli were discussed under livd robroinic acid. 
The iodine probably acts at first on the phosphoi iis, 
forniinj^ a compound of ])hosphorus ami iodiiu', v\ Idi li 
then in turn is d(‘composed In the wa-t(U-. Th(‘ reactions 
Avhicdi generally take j)la('e are those la^presented bv (lie 
following ecjuations ; 

P -1 :i[ ; 

> + ;dHT. 

Hydriodic acid is a. colorh^ss traiis])arent gas like liv- 
di'ochloiic and hydrobromic aiuds. Il also lik(‘ tln'se dis- 
solve's in v\at('r in large' (juantitv, and vvlu'ii brongld in 
contact with tin' air it I'oians d('ns(‘ white funn's. \\ li n 
boih'd tlu' wat('r solution conducts its<dl' lilo' those of 
hyd rochloiic and hydrohi omic acids. Tin' licpiid, w liicli 
boils at Pi7 undei' the ordinaiw at mos[)ln‘ric ])rt'ssiii(‘, 
contains o7 [x'r cent h\dri(Klic acid. If tlu' solution ol 
th(^ gas in water is allovve'd to stand, deconi ] )ositioii hc- 
gins in cons<'(jnence of tin' action of tin' oxygen of tlu‘ 
air. ddie hydroge'ii is oxidized to watcer and tin' ioiliiu 
is s<'t flee, coloring the solution hrown. 

A\ ln*n heati'il, the gas Ix'gins to d('compos(' at ISO , 
and at highi'r tempi'i-atuie's tin' d('co7n])ositiojj takes 
])lac(' i‘a])idl V'. ddn' [irodnets aie* sim])ly h velroge'U and 
iodiiK'. In cons{'<pn'nc(' of tin' (‘as(' with which hveliio- 
die acid breaks down, yii'hling fr('(' hydrogen, it is an c\- 
celh'iit rr'dmdng agi'iit, and it is freij in'iitly us('d in tic 
laboratory for tin' ])urpose of ('xtracting oxygen fn'in 
substaine's. Its action upon sulphuric acid hasalieselv 
Ix'i'ii sj)ok('n of. ddie reason why it acts so we'll is tliat 
the hydrogen is separated from the iodine with little ex- 
])enditure of energy, and the hydrogen thus seiiarated 
is in the nascent state, or, as is believed, in the at"iuic‘ 
state. 
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Iodic Acid, HIO3. — This oompoiiihl is strictly analo- 
gous to cliloric and Lroinic acids, but dill’crs 1‘roin tlnnu 
ill hciiij^ niuch inoro stabler It can b(‘ made' 1)V ti’('at- 
iiio iodine with strojii;' oxidizing agxnits, as, tor (‘\ani|)lc, 
r( )iiccntrat(Ml nitric acid. Jt is also tornu'd very easily 
],\ ])assing chlorine through watiU- in which iodine is 
snspi'iided, wlnni hydi’ochloric a<*id and iodic acid are 
foriiHHl, as r(‘])res(nit(Ml in this e<iuation : 

L 1 - 5 Cb I (llbO ^ ^1110, 1 lOHOl. 

I’lie ri'action is ])robaldy souHovhat more (‘omplicated 
til, 111 it app('ai’s from this (‘(juation, tor wlnei chlorine 
acts upon iodine a coinpouml ot the two (‘hninnits is 
lii’st tornied. lodiiu' trichloride^ is deM-omposeul by water 
thus : 

^ICl, -( :m,() - nltci + HIO, 1 - TCI. 

Iodine nionoclilorieh^ is also d(H*om|)osed by water, giv- 
ing iodic acid, hydrochloric. ;icid, and free iodiiu' : 

lOICl I - dH/) : lOllCl I- ‘JIIIO, + 4T,. 

Wlu'ther these chloride^s of iodine af(‘ formed or not, 
the prime causes of th(‘ formation of iodic acid when 
‘‘hloiine acts upon iodine in water are the oxidizing 
power of the chlorine and tlie atlinity of iodine for 
ox vgmi. 

hen iodine is dissolved in an alkali the re'action 
^'hiedi takes [)lac(‘ is the same as that whicdi takes place 
^xith cldorine and bromine under like circuimstances. A 
mixture of the iodide and iodatc is formed : 

dKOH + 31 , == 5 KI + KIO3 + 3 H, 0 . 

l<»'lic acid is a crystallized solid, which wdien lieated 
1 d)'^ loses water and is converted into iodine pent- 


2HI0. 1,0. + H,0. 
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Its salts have iho «<en(‘ral formula IVnO.^, tlioiio], 
forms salts and Al 1 1..( I( It ^ivcs up jp 

o.\vg(Ui readilv and is thertd’oi-(‘ a i^ood oxidizing a-unt 
just as hvdriodie acid is a. ^ood laul iicinp;- a^iuil. 

lodiiio Pontoxido or Iodic Anhydrido, 1 , 0 ,. 1 liis , dm.. 

])()und is f()j im‘d, as was stat(*d in tin' last |».i r.ii^iap]) 
hv iieatin;^' iodic acid to 17() . It is .u \\ ]jit(> solid whidj 
is (‘asi/\' ><i)hihlt' ill \\:it('i\, toniiin^- iodic- noid. It is 
compost'd \\]i('n Ju'iitcd to oOO . It will J)c ohsc'rvn] 
therefor/', that this compouii/l of io/Uii/' nml /^wm^u js 
ver) much more stnhJe thnii nuv of the eompoimds of 
chloriiK' or hromiiie nud oxy^/'ii ; end it is interesting; to 
note tJiiit <is the nliiiiity for owyvii incr<\‘ises, that foi 
hydvoij;en dt'cnnises. In the ^roji]) cldorine, hroininc'^ 
and iodine, (ddoriin' has th<' stron^mst a/Hnitv for hvdro- 
geii and the weakest for oxv^cti, whih^ iodine Inis tlii^ 
strongest atlinitv for oxvgen and tln^ weakest for livdro- 
geii, We shall presejitly see that lluoi’ine, which dof's 
not unite with oxygen, has a strongi'r allinity for hydro- 
gen tlian ehlorim' has. 

Anhydrides, or Acidic Oxides. — An oxide which, lile^ 
iodine [)entoxide, forms an acid wln'u dissolved in wntcr, 
or which forms salts hy tr(‘a.tm(‘nt with basic hydroxides, 
is calk'd an aidofil ride or /iridic e.rid/'. ddu' oxides of tlit' 
base-forming elements form basi's wln'ii dissolved in 
wat('r, and they ar<‘, tln'ri'tori', calh'd An, sic e.rid/'s. As 
('xamj)h‘S of acidic oxiih's or anhydridi'S, there may ho 
nu'ntioned besides iodic anhydride, sul|diu]'ic an h\ d ride, 

S( ; sul})hurous anh vdi’iih', S( ; tdn)S])horic aiili\ - 
drid(', ; carl)onic, anhydiddc, CH).,. Wlnm dissobed 

in Avali'T tlu'se oxidt's ai<‘ <'onvert('d into acids as ri'inu- 
sented in tlu'se ('([nations : 

SO., I H.O r.: H,S(), ; 

SO. I HA) ^ H,S(),; 

IhOr, + iW - ‘2 H !>(),; 

00 , -f 11,0 H.,(X ),. 

Silicic anhydrido, SiO,, is an (*xample of an addic o\id(^ 
which does not dissolve in wal('r, but which does form 
salts when treated with l)asic liydroxides : 
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SiO, + 2KOH K,Si 03 + H.O. 

As examples of basic oxides or oxides wliieli wlieii 
Irt'aiod with water yield bas(‘s, the followia^ may be 
taken: calcium oxides, CaO ; j)()tassiuni oxid(^, lv,0 ; ba- 
riiiin oxide, IhiO. As lias already been stiowii, when' 
/r(‘af('(] u’hli water these are res|)ectiv(d\ converted into 
cnlcinin hydroxulr', (^n{()}T)..; potnssiuiii livilroxidef 
KOII; iind hnvimn livdroxidt^ Bn{()}D).,. Thorn am, 
}i()\\(^vor, inanv hasii^ ova/e.s \vhi(di do not dissolve in 
wntia-, hut winch, novinilK'loss, have the j)ower to neu- 
ir;iiiyj^ acids aJid I'orin salts. Tins is true, for exam pin, 
ofahnniiiinm oxide, AJ.O.,, hsid o\id(‘, PbO, maii.^anous 
oxide, MiiO, cu|)ric oxi(h‘, (kiO, etc. Tiie action of sucJi* 
oxides upon acids takes j)lace as represented below : 

Ai.o^ -1- :)it..s(), rrz A],(S(\}, + :m,() ; 

PbO [- ::::: Plx NO.;), f- H,( ) ; 

AlnO d ‘2H(U IMnCl, -f H,0 ; 

CllO -1 H,S(), ::^CuS(), d-H/). 

Poriodic Acid, lIJO*.— This acid is analogous to ])er- 
cliloric. acid. Tts salts are fornnal by oxidation of iodatc^s 
or l)v heading iodait's, just as ])(‘rchlorates are formed by 
luailiiig chlorates. Pln‘. simph‘st Avay to make a peri- 
odate' is to pass (ddorine into a solution (‘ontaining so- 
dium Jiydroxid(‘ and sodium ioelate, when a reaftion 
takes ])lace wdiiedi is at least partly n'presentt'd by the 
iollowing ecpiation : 

NaTO^ + 3NaOH + Cl, ::::: Na JIJO. 1 

The salt NaJTJO^ is diHicultly soluble in water, and 
tli(‘i (‘f()re separate's from the se)lutioJi. Fre)in the soelium 
*"^alt the corre'sponeling silver salt, Ag,,FI.,P)p, can be ob- 
bdiied, and when this silver salt is treated with nitric 
id it is converted into the simpler salt, AglO,, wdiich 
1'- evidently deriveel from the simpler acid, HIO, : 

2Ag.,HJ0. +.2HN0, ^ 2AgNO. + 4H/) 4 2AgI0.. 
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Tlio acid when s(‘parated from itn solutions is a ci ys- 
tallized solid which has the composition A\ Ik-h 

heated it undergoes decomposition, losing water and 
oxygen, and yielding iodic acid. It cannot, howevan-, he 
converted into a com2)onnd of tin'. coni2)osition ILK)^ 
for tlie loss of water is always a(‘coinpanied by a loss of 
oxygen. Like iodic acid, ])eriodic acid is a good oxidiz- 
ing agent in consequence of tlie ease with wJiicli it givns 
nj) its oxygen. 

Periodates.— Periodic acid yields a large numbei- of 
salts the connection between which and the acid does 
not app('ar clear at first sight. A few e\anq)les will 
sutlico for the presc'iit 2)urpos('. : KTO^, Na^lO^, Ag\l(), 

Constitution of Periodic Acid, ddie coni|)licated salts 
of periodic acid are appan'iitly inc'x plicabh' on a,nvotli(‘r 
theory than that tlnyy are dc'rived from acids which are 
closely related to the hy])oth('tica.l acid 1 (()HX. This is 
now coninnndy i-c'garded as- vonn<d periodic acid. It, 
however, breaks down into the ordiiniry form of the acid 
by loss of water, ddie relation is expressed thus : 
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riie salts TSaJIyTO„, Na,^TO^, and others of the same kind 
are derived from this acid by replacement of one or 
of the hydrogen atoms by metallic^ elemeiits. The acid 
of the formula HJO„ can also be imagined to break 
down into ILJO, and water thus : 
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Thr^ salt Ag 3 lO, and similar known salts are plainly 
<1(' lived from this hypothetical acid HglOs- Idnally, the 
acid 1:1,10, call also be imagined to break down into 
rllO, and water thus : 


ijo 

and the salts like IvTO, are derived from this hypo- 
tlietical acid, it appears, thereforc‘, that the jissump- 
tioii of th() fnndameidal normal avid, 1(011},, is c*om- 
p('tent to explain the existence of tin' salts which are 
derived from tlu' acids 11,1 ()„, H.JO,, and 1110,. Moiv 
coinplicah'd acids can b(‘ formed l)y tin' loss of water 
from two or more nndecnles of any one of these simph'r 
acids. Thus, if from two molecules of the acid 11 ^K), 
one !nole(‘nle of water is tak(m, an acid of the formula 
bJ .Oy Avould l)e formed ; or if two moh'cnles of the acid 
11 JOy, lose, one inolecule of water, the acid HAjOn would 
hi; foriiied. Idn'si; I’elations are made clear by the 
■ia[initions heri', given : 

O 

d 

21 OH =: (H0),0 J-0-I0,(0H), + H,0 ; 

OH 
. OH 

ro 

OH 

21 =: (H0),01-0-I0(0H), + H,G 

OH 

()H 

A salt of the formula Ag,1..0,,, and another of the for- 
amla Zn,I./)jj, are known. Idie former is derived from 
the acid H,I,Og, the latter from tJie add 11,1,0,,, by the 
^idistitution of four bivalent atoms of zinc for the eight 
atunis of hydrogen. There are many more complicated 


O 

I ' OH 
OH 
Oil 
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salts than those mentioned, but tlioy can all be satisf.u-, 
torilj bj' the assuniption that tln^y are related 

to the normal acid 1 (Oil),, in wliich iodine is septivahut. 
The (‘xisteiice of the jx'riodates, the (‘ase with w]ii(di tla v 
can l)(5 ex|)lained by the above method, and the ap]iait'al 
impossibility of exjdaiiiing them on tlu^ assumption that 
iotline is univalent, form an exu'cedin^^ly stroji^- arj^iiim nt 
in favor of the vhov that iodiiu' ‘is s(‘j)tivah‘nt in tlu so 
compounds. 

Constitution of Iodic Acid and tho Oxygen Acids of 
Bromine. — TJie conclusion jeached in ri'gard to tln^ coti- 
stitution of periodic acid nialo's it appeal" liighl v ])!“( >1 »a1)l(‘ 
that })erchloric acid lias a similar constitution, ami tliis 
■view is now commonly accepted, as was stated when tin* 
acid Avas discussiMl. A|)plying a similar method to iodii' 
acid, it ap[)ears proba ble that this is derived from the arid 
I(OH)^ by loss of water : 


I(( )H), ^ 10,(011) -[ 211,0 ; or 


I 


OH 

Ol I 1 ( ) 

OH 1 () I 2H,0. 
0|[ I OH 

OH 


Tho iodine is n^gardi'd as (piimpiivalent in lioth forms nf 
the acid. This is n^pn^smih'd in the case of the acid 
0,I(0H) by the structural formula 


O 1 () 

(')ll 

The coiTiisponding coni|iound of lironiine is regarded ;is 
liaving tin* sa,me constitution as tlie iodine (^impound. 

Compounds of Iodine with Chlorine. — AVluui chlorine 
is passed over dry crystalliziul iodine it is absorlied, niid 
a compound of the formula l(d is formml. This is a thirt 
reddish-brown, very volatih^ liquid. Under projier ecu- 
ditions it solidifies in crystals. Iodine chloride is deconc 
posed by water, tho products being iodic acid, hydro' 
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i-liloric acid, and free iodine, as stated nndco* Todii* Acid 
(p. 171). 

If tlui passage of chlorine over iodine is continued Le- 
Aoiul tlie poi]it re(j Hired for the formation of tlie simple 
(oiiipouml ICl, tli(i tricldoride is formed. 1diis is 

;t cj’vstallized compound of a yellow color. When heated 
it l)i‘(‘Mhs down into chlorine and iodine monochloride. 
Wlien treah'd with water it is partly dissolvi'd without 
(P'composition, hut it is jiartly (hH*omy)osed, vhdding iodic 
acid, iodine momaddoride, and hydrochloric acid. 

Compound of Iodine with Bromine. — 'rinu e is only one 
comjxnmd of iodine and hromine hnown, ami that is tlio 
OIK' having tlu' formula Ilha It is a crystallized com- 
])oimd which is fornu'd by dii’ect cond)ination of the two 
elements. It is decompost'd by heat and by Avater. 

'IAuojunk, r (At. AVt. IS.hl ). 

Occurrence. — This elennuit occurs in large <|uantity in 
nature, and is widcdy distribub'd, but it is always in i*om- 
hiiiation with other (demeids. it is found (vhi(dly in com- 
hiiiatiou Avith calcium, an xor-spar or ntlriinn jlimrule, 
('ah,,, and in (‘ombination with sodium and aluminium, as 
crifoh'fe, a. miiu'ral Avhich occurs ainindantly in (InHudand 
and has the com])osition it‘pr(‘S('nt(‘(l liv tlu^ formula 
Ml,A 1I\ or Alb.j.‘)NaF. Itiscalh'd tluorinefrom the fact 
tliat it occurs in fluor-spar, whicdi in tnin lanadves its 
iiaiiK^ for the laaison that it nndts when heatral and is 
lh('i’(dor(‘ used as a. iluv in hi'aliiig chendcal substama's 
tu^(>th('r ( from ////o, 1 tlow). On a(*count of the launark- 
ahh' allinity of tluorim^ for (dlnu* ehunents, all attempts 
to pr(p)ari^ it in tln^ frma condition faihnl until a. few ytuirs 
ago, wlnm its isolation Ava,s elVm-tcHl by passing an electric 
ciiiiA'iit through li(piid hydrolluoric acid contained in a 
]'laiinum AUASSe 1. 

Properties. — Iduorine is a light greenish-yfdloAV gas, 
dial has recently betm converted into a li({uid at a very Ioav 
fenipci'ature. It acts ui)on almost all substances. Thus, 
h' decomposes Avator, yielding ozone and hydroHiioric 
'^^‘id • it combines directly Avith hyilrogen at the ordinary 
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teiii[)eraturo ; aiul witli snliilnir, pliospliorus, iron ote 
with evolution of li^i^lit and lioat. it doos not, 
act upon to i(s mdivo ]>n)p('i tirs if 

of course a (JillicuJt matter to isoJute inul f)n^si'r\(> if 
Ilydrotiiioric Acid, IIF.— IlydroHiiorlc neid is miuif. 
hv iron tiny; niUio ride with snlphniic ncid. Thus, 
cnlciiini Ihiorjdo or fhior-sieir is used, this ronction inkts 
pi nee : 

Cnl\ / - ttSY ), CnS(\ + 2Hh\ 

The reaction must l)(‘ perfornusl in yess(ds of plntiinnn 
or lend, as ,i;lass is disintegra.t(‘d ])v tli(‘ neid. in [Hn-tectlv 
pure auliydi-ous condition it can Ix' obtained ])V' Insitiji-- 
the pure di'y salt KHr\, known as acid potassium Jhioi- 
ido. It is a licpiid wld(*li boils at 1P.4'- and does not so- 
lidity even a-t a vc'rvlow tem])ei-atur(\ The ])ui'e di’vacid 
in the liquid form does not act upon o-lnss. It doi's not. 
dissolve the aend-formin*^^ elefmmts, Imt does dissolve 
most ot the liasc'-foimdno' elemmits with (‘volution of h\- 
droo-en and formation of tluojnh^s. Th(‘ oa,s acts iijioii 
the skin, causinj^^ sw(dlim^fs and viojimt ])ains. lnh;d(Ml it 
is poisonous. d\) pn^sco Nx* it, vossols of plalinum or eaoiit- 
choiK*, must be used. Jn the moist condition it attacks 
^dass, convertin.i'- the silicon into the fluoride, Sik\, and 
the metals into their Ibiorides. A silicate of the formula 
(kiSiO,, would umbu'^^o tln^ chan^(‘S repiu'sented in tlic 
b)l lowing (upuition : 

CaSi03 I ^>HF ..z CaF, -f- 8iF, + dll,0. 

Silicon fluoride is a gas, and calcium tluoride is solu])lo 
in acids. Thus (‘alcium silicate, whicli is insoluble in 
water, is so changed by liyd roHuorie acid as to be ren- 
dered solulde. In a similar way glass, whicli is a com- 
peaund resend)ling calcium silicate, is lamdereal soluhk , 
or is, as we commoidy say, dissolved, by hydrotluori'' 
acid. 

When an aqueous solution of hydrofluoric acid is boil* .1 
it passes over at 120^, and the distillate contains 36 to -S 
per cent of the acid. 



UYDliOFLUORIC ACID— THE FLUORIDES. 


179 


llydroiluoric acid is used lor the purpc^se of etching 
gl.iss, particularly for niarking scales on thermometers 
,• 111(1 other graduated gdass instruTneiits. The glass is 
c<)vrr(Hl with ;l thill hiycr of wax o]- para/fin mid, at the 
whore the (dehin<j^' is wnnied, innrks are zn/nh* 

' throimh the pnnUhii, so tlmt the ^ hiss is exposed. Those 
parts of the ^Inss whiidi^me covoK'd lire not' noted upon 
hv the hydrothiorio noid, while those ]):irts whudi are not 
covonnl lire corroded mid, when the pnridhn is removed, 
jicriiiaaeiit iiiarks are found corresponding; to those made 
fliiongh the j)aralH]i. A s(diitioii of hydrolliioric acid in 
\\at(']' is iiiannf'actured and sold in ruhluM’ hottles. 

I’lie sjx'cilic gravity ol hyd lotluoric acid gas at about 

100 leads to th(‘ moh'cular weight cornesponding to the 

101 inula liF, lluorine having th(‘ atomic \v(‘igiit 10. At 
ahold 00' the spiadtic gravity c( (rresjx mds to the foi’- 
iiiula, MJ'V At low(‘r teaijx'i’atures tin* molecular weight 
a[)ji(ars to b(‘ still g!-<a'it(‘r. In solutions of ordinary 
<'oii(.‘ciitratioii in \va,t<‘r tin' siibstama? apjiears to have 
tln‘ formula llj',, while vvlnm tln^. solution is much 
diluti'd th(‘ formula l)econu‘s IIT. 

Constitution of Hydrofluoric Acid and the Fluorides. - 
H \ (Irolluoric acid forms two siuah'S of salts corresjvozid- 
lag to th(‘ two g(Mi('i'al formidas iM Il k'., and <>r M [\ 

rile former, of whicdi th<‘ salt K lily is an examphy are 
<‘alled acid fluorid(‘S, tlu' lattcu- sim]dy fluorides. d'he 
Ihioihh'S ar(i conimonlv' r('pr(‘S(‘nted by the simjiho* 
griioral formula IMF, though it appmars ])robal)le that 
die doubled formula is mo!-»* coi-rect. 1 1 will l)e seen 
fitcj' that lluorine forms a lai’gx' number of so-calhal 
<loiihl(‘ salts or doubh‘ Ibiorides, wliich it is dillicult to 
explain in any other way than that they are derived fi*om 
die acid ddius ciyadite, to which reference has 

demi made, is called a double fluori(h‘ of aluminium and 
^‘*'dmn, juid is generally (‘xpressed by the formula 
.d\aF, whiidi means simply that in some xvay alu- 
i^niinnu lluorido is combined with three molecules of 
Medium fluoride ; but it is dillicult to see how this union 
\)Q oflected without assuming that fluorine has a 
eater Valence than one. If hydrofluen’ic a(*id has the 
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foriiiiiLi ooiistitiitioii tliirti H 1* IT; 

or possibly H-F-F-H. In ilio oiio ca-so the lluoiiuc 
is reprrsontrd as bivalent, in the otlier as trivalent, Imi 
we liave no eviib'iieo in favor of (btlu'r view as oppesi d 
to the other. Still it is geiun-ally obsin vc'd tliatwln ii 
tlie valence of an elennnd, varies, it changes from odd |(, 
odd or frcTin even to even. TJins in tin’! cas('. oi (Ik 
oxygen acids of cldoriiu-, it a,pj)ea,rs tliat the vah-iu i' of 
cliloiine varii'S from 1 to o to 5 to 7. Simihuiv ili(‘ 
valence of sulphnr varies fiom 'I to I to 1), etc. loi- iliis 
reason the view tliat ibiorim^- is trivalent in hydroliuoilr 
aeid is perliaps to be pnd'm-red to th(‘ sim]d<'r view tli;i1 
it is bivalent. If then the constitntion of liydroUiioiic 


acid be expressed thus, H-F-F 11, the formation oltln' 
so-called double Ihioriih^s is not dilllcnlt to understand. 

double fluoride above rdernMl to, vi/., cryolite, Ire 
prol)ablv the constitution repr(‘S<ud(‘d by the foiamila 
d-F-Na 

A1 -F^F-Na., and the other donbh^ tl norules are to lie 


\F .F Na 

regai'(l(‘d as having a similar constitution. 

Compound of Fluorine with Iodine. — Tlu^ only ceni' 
pound of tluorimMN ith the mmnlx'rs of the chloriiu^ gioiip 
is iodine pentatluoride, 1 F,/‘ This is a litpiid whi( di b 
formed by to'ating silver Huoiide, AgF, with iodine. 
AVat(yr decomposes it, forming iodic acid : 


IF, I- dlld ) = 5HF + liIO,. 

Considering tln^ conqaninds Avhicdi the halogens foini 
Avith (UKi aiiotln'r, it appiaars tlnd, iodine combines wih* 
bromim? to form th(‘, com])ound lib*, Avith cliloiine d 
forms ICl.,, and Avith lluoi ine 1 F,, ; or its valence to\v;iid> 
bromine is 1, towards chlorine 8, and toAvards thioiio 
5. The farther rmnoAanl in the seri(‘S the element b 
from iodiiKj the greater is the valence of iodine for h. ^ 

* TIk'h; .secin.s to bo some doubl in regard to the e.xistenca* '1 dis 
compound. 
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Tabular Presentation of the Compounds of the Members 
of the Chlorine Family with Hydrogen, with Oxygen, with 
Hydrogen and Oxgon, and with One Another. 


Coinpoum Is with Ifydriupm. 

Hr(H,F,) HOI HP>r III 

Compounds ivifh Oxygen. 

C1..0 — _ 

* G\(X 

CIO.. 

— — — 1 , 0 , 

Componmls until nydrogen ami Oxygen, 

HCIO H] 3 iO 

HCIO, 

HCIO, HB1O3 HIO3 

HCIO, HIO,(HJO.) 

Cornponnds with One Another. 

Clik TC],IBr 

tci^tf. 


Relative Affinities of the Elements of the Chlorine 
Group. — Tlie dilferenco ])oiw(u‘ii tlie alliiiitios of tliese 
clojiuMits, ulricli lias already been eommeided Ujion, is 
illusiraU'd in a nuiiilxu' of ways. I'roni iodide's, chlorine 
<‘111(1 hi'oniine sc't iodine freai ; and from hroniidt's, chlorine 
i^id.s hromine free. Wlnm chlorine is adde'd to a, solution 
eniiiaininjr ^ bromide and an iodide, it lirst sets the 
iodine Iree, and forms the corresponding chloride. Thus, 
die case of potassium iodide : 

2KI + Cl, 2KC1 -I- 1,. 

Aft('i‘ this reaction is complc'ti', the chlorine acts upon 
die water, decomposing it, oxidizing tlie iodine to iodic 
arid (which see). The solution is then colorless. After 
'dl di(‘ iodine is converted into iodic acid the bromine 
lilierated and^ colors the solution yellowish red. 
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Again, as we sliall S('e, tlierci are some oxidizing agruts 
wliieli decompose iodides but wliicli do not decoiii[i()s > 
bromides and eldorides, and otlu'rs wliieli deeoiii 
cldorides ])ut do not de(a)mpose l)romides and iodidi s. 

Famii.y VIT, (rHOLir A — ^Maxuankse. 

Tlieie is one element wliieli belongs in the sanu', familv 
as those wliieli have just been treat(*d, and restnnhles 
them in some respeets ; but at tiu‘ same* time it diltVis 
from them (piite markedly in (dlu'r r(‘Sp(M*ts. ddiis is 
nianganes(‘. It aets in fai't in two dillerent wavs, and is 
one of thos(‘ (demmits, alnnady referr^-‘d to, Avhiidi aiv 
both aidd-forming and base-forming. KSome of its (‘nin- 
pounds with hydrogen ami oxygcm are distinctly aciil, 
others are distinetly basic. So far as it acts like* tlui 
members of the chlorine family a brief rtd’i'rmice to it 
liere is desirable. On thiA othm- hand, it will be dealt 
with chhdly in conn(‘ction with those base-fonniim 
idmnents which it most r(‘sembh‘s, as, for (‘\aiii ))!(', 
iron. 

iVlaiiganese occurs in natune princi|)ally in th(‘ form of 
pyrolusite or manganese dioxiile, iNlnO.^also known as 
the lilack oxide of manganese. It foians wjtli oxyyeii 
compounds of the following foi niuhis : iMnC), iMii O , 
Mn,,()^, MnO.^, and MnJ).. AVhen a. com])ound of man- 
ganese is subjected to th(‘ inlluenc(‘ of powm ful oxidi/inir 
agents in the presence of an alkali it is ('onvintm^ into .i 
salt of tnaiufdmc iiriil, H.AluO,, whicdi in its (‘ompositioii 
resembles sulphuric acid. If th(‘ salt of manganic i(i<l 
thus obtained is dissolved in Avater it undergoes [)arbal 
decomposition, whiirh ismmiplete if tlu' solution is ladled, 
or if carbon dioxide is passed through it. The clnniL^e 
consists in th(‘. transformation of manganic acid into 
7H(in(j(nuc (H'ulj HiVlnO, : 

:dH,Mn(h ‘2H]\rnO, + MnO, 1- 2HP ; <>1 
SK^AInO, + 2H,() 2KMnO, MnO, + IKOH. 

Permunganic (fcid, HMnO^, is a compound Avhich m 
many resjiects resembles perchloric aci<l. It can b( '’b- 
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•lim'd iu water solution hy (lecoinpositiou of certain 
of its sjilts, but like peridiloric acid it is easily docom- 
pos(‘d. in conseipience of tlie eas('. with wliicli it j^ivi'S 
;i|) ()\yp;en it is a ^ood oxidi/iug agent, and is extensively 
list'd in the laboratoi'y in tliis capacity. It is employed in 
tin' form of the ])otassium salt, potiis.sinm pcrni<iv(jari((1e, 
KMiiO,, Avliicli will rec<'ive special atteidion under the 
litMil of A[anganes(‘ (h)inpounds. In onh'i*, liowever, to 
ID, ike ch'ar the dill'ereiice in conduct betwei'ii perchloric 
and permanganic acids a h'w characteristic facts will be 
nn'iitioned here, ddn^ condiu't of ])ermanganic at'id and 
(»f potassium ])('rmanganate will bi' umh'rstood, if it is 
horm' in mind that in the })r<‘S(mc(" of substances of 
strongly acid charachu* manganese' tends to act as a base- 
forming element, and in this cajiacity to form salts witli 
tli(' aeids. ddius in preseiu'e of sul[)huric acid potassium 
pmimmganatii foi'ms potassium sulphate, manganous 
sulphate, and oxygen, if there is anything present which 
lias the power to take up oxygen. In the salts in Avhi(*h 
it plays th(^ [lart of a metal nningaiK'se is generally biAui- 
leiit. With liydroe'hloiic acid, as Ave have already seen 
iu studying the action of hydrochloric, acid u])on manga- 
nos(‘ dioxide, it forms the chloride Mn(d,^. When now 
])olassiiiin permanganate is treated Avith hydrochloric a(*id 
it is decomposed according to the folloAving equation : 

‘2KMn(), 1- bHCl 2KC1 + 2MnCl, f 3H,0 + 50. 

Similarly, Avith sulphuric acid manganous sulphate is 
thus : 

21OIn0^ -f 311, SO, K,S0, -f 2MnSO, + 3H,0 + 50. 

bud] reactions do not take place Avitli perchloric acid, as 
cliloiiiie is entirely lacking in the poAver to enter into 
acids in the place of the hydrogen and form salts. 

i^langanese forms some other acids besides perman- 
l^aiiic acid, but they exhibit little or no analogy Avith 
^‘nm])ounds of chlorine, and their study Avill therefore be 
pristpoi^e^^ until /nanganese is taken up. The point of 
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oliief interest to bo noted bore is that tliis element is un- 
mista1\ably lik(‘ clilorine in its lii^best oN.ygen com- 
pounds, but entirely dillenmt from it in most of its com- 
pounds. 14ie compound hrploxide, 

statids in the ndation ot“ an anhydride to permanj^miiic 
acid. In water solution it passes oyer into the acid: 

Mn,0, + 11,0 211 iVfnO,. 

It is formed by treating ])otassium permanganate with 
the most (concentrated sulphuric acid : 

2KMnO, + H,SO, K,SO, + Mn,0, + H,0. 

It is extremely unsbible, giving ni) oxygen readily. In 
contact with organic, substfinces or other substances 
which haye the jxtwtu* to take up oxygen it dec(unpos('s 
so rapidly as frecpiently to lead to ex|)losions. It is of 
interest to note that this is tine only oxide of Family VII 
in which the maximum valence of 7 is shown. 

Judging by analogy, it seems probable that the consti- 
tution of y)ermangM,nic acid is liktc that of periodic and 
perchloric acids, and is represented by the forniulii 

O 

O Mn-O-H, in which the manganese is septivalent. 
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THE ELEMENTS OE FAMir.Y VI, (niOlIP B: 

SULrilUU SELENIUM rELLUKllLM. 

Introductory. — The oloments of tins ^i‘onj) Ix'nr to oxy- 
gen ;l reflation somewliat similni' to that ^vliicli the ele- 
iniMits of Group 11, Family YII, laair to tlnorim^ 'Die 
luombers siilpliur, s<*l(‘iiium, and telliiriiiin j’esom- 
l»le one auotluu' fully as strikinj^ly as ehloriiie, broiniue, 
jual iodine do. Idudr e()m})onnds bear a general rt'sein- 
libiiiro to those of oxyg('.n, and yet they form yery c*har- 
:u*teristi(rcompouuds with oxygem, while oxygen forms no 
analogous compounds witli any of them. Just as iodine 
Ibniis a compound with lluorine of tlie formula liy, but 
tUioriiK' does not form with iodim^ a compound FT,,, so 
sulphur, S(denium, and tellui’ium form with oxvgmi the 
coiii pounds SO,, SeO,, and TeO,, while oxygen does not 
fonti analogous com[)ounds with llu'se otluu; chmumts. 

1 lie val(mc(‘ of the ehmuuds of tliis grouj> towards In dro- 
g'li is ‘J, as shown in the (‘ompoumls 11.1b H.,S, 11,,S(\, and 
bj(‘. Of oxygon and sul])hur then' are otlnu’ hydrogmi 
‘''''>'p‘>»inds, as hydrogen dioxide, li.O,, and an analogous 
^'miij)ouii(| of sulj)hui’, but tlnu’e is gi*eat uncertainty in 
ngard to the constitution of the latter compound, and 
p'act.lc.Lll y jiothing is known in regard to the yahmee of 
^>il[ili ur in it. In g(meral the hydrogen vahunu'. is con- 
^taiit. I'owards the, m(‘nd)ers of the chlorine grou]) the 
^al( iic(' vaih'S from "2 to ti. Oxygen lu'ver exhibits a, 
liiylu r vah'nc(‘ than ‘2 towards chlorine and its analogiu's. 

‘ ompomid ( )( d, illustrat('s tin' l)ivah'nce of oxygen 
^'*\v;ii'ds cFloviiio. Sul])hur forms with chlorine the (*om- 
S^Cl^ and SCI,, which an' analogous to the hy- 
‘ ^>y»'u com|munds H,S, and H,S, and in both ol’ them 
^ ^nlphur ispnTably bivalent. It also forms the coni- 
P'^niid S(Jb, in wldcli it is quadrivalent, \\ ith iodine it 
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is said to form tlin unstable' eompoiiiuls and M . s,. 
Itmiuiii and ttdlnriuni form similar (‘ompouiids, an,!^ 
<^(m«'ral, tin' stabiliiv of lln' (‘ompounds of tin' 

of tlu' siil])liui- i;rou[) w itli tln^ mt'mbm-s of tln^ cliliajji, 
^roiip inrreasns iir tin' ordt'r snlphui-, se'h'iiium, tr||iiii„m 
S(‘\iva]oii(‘0 of tlmse' t'h'mmts towarils imMidxMs of 11,^, 
idiloriiK' L^ronj) is rare*, hciii;,;' shown only in (In- (okj. 
j)onnd Nffl, and eve'/i t/us is doubtful. 

7\>aards thr tlir(‘c (At'nit'uf s oi t/n* 

^n)U]> a/v (ju:n 1 ri\:ih'iit and soviva/o/d, as sem in the 
r(>mi)()iuiiIsS(LS(A)„ 7 ’o(h,and S().^, Sr( ;i/hI Tr( ) . (){ 
it Js possi/do tlini in //n'so (-r >ni/u;///a| ; 

the eleuunits nre hivnhnit. Thus, sulphur (/ioxn/c, S(X, 

^yO 

ilUiV bo ro2)r('Se'nt(‘<l by tin* foi'imila which 

liotb tlio ox:\y^t*n and tin' snlpliur a])])oar as bi^ al{'Jlt ; aii<l, 
in a similar way, tlio trioxide may bo ro[>r('sent(‘d by flip 

o 

formula S O; but tin? only reason for doing this .s 
\ / 

"( / 

the desire to re'present sulphur as always bivalent, d lir 
exisienoe' of the oompounds S(U,, So(d,, and SI,, eaiiin't 
])e ex])lained, how('ve‘i’, on tlie assuni])tion tliat sulplen 
is bivah'iit, and the sim])h'st vi(?w 'vliicdi can be talon ot 
the matter is that tin* momlx'rs of the snlidiur group aiv 
in general bivah'iit towards hydrogen; liivalent, (juadii- 
valent, and, exee[)tionally, sexivah'iit towards tin' nn iU' 
bers of the clilorine group ; and (juadrivalent and si xe 
valent towards oxvgi'ii. d’owards hydiaaxyl the ^alt iua' 
of the members of the sul])hur grou]) ajipears to vaiy 
from 4 to h. The ([uadri vadenre is shown in the rotn' 
j)ound hydrosul^ihurous acid, H,SO.„ Avlii(?h j^robabl v 

n 

the constitution 0=S-0-H ; the sexivalence is si ' i'^^ 

() 

sulphurous acid, H3SO3, or H-S-O-H, and in suljihuii^J 



SULPJIUU. 


187 


S(OH)g, or in the ordinary form or 

’ O 

II 

H D S-O-II. 

II 

() 

Of the tliroe (dements of this gronj) sulpliur occurs in 
oicatest abundance iji jiainre, stdeniiim next in order, 
ajid li)i;j]ly t(dJurium. Just as broniijje fioquently 
;i(u-(>inp;iJiirs ciiJoiim', so stJuniuni fnujiuuitlv nccoiiipu- 
iiiVs sulphur, hut it is uhvuys j)j‘ese/)f in much smnlh'V 
(p[;iulily thuu sulphur. I'tJIurium occnrs ijj ver\^ sinnll 
(pinntity rt'lutiviJy, uiul Jiof uncommonly in i‘omJ)inn- 
iion wiih vuluuhic nuJuls lik(' p;ohl uml sihcr. Ijurpa 
(jiuiiiiitics of sulphiu' arc* foujid iji the nudcc or uncom- 
Iu'immI coiKiiiion. ()iily extremtdy small (]iiaiitili(‘s of 
:^('l(‘]iiuni and tellmiiiiii are found n;»tiv(\ 


Suj.Pinu;, S (Ai. Wt Ml.HM). 

Occurronco. lie |n‘in<‘i[)al d<‘|)<»sits of native^ sulphur 
;ir(' found in Sicil\', Italv, and S[)uin. I n ( 'alifornia also 
then ' is a consid(M‘abl<‘ d<‘])osit. In ^^eiuunl, snl|)1iui’ is 
likely to be found nmir dyinej or extinct volcanoes. 
Siilpliiir occurs in nature, furtlnn-, in tlie form of the 
liydro^X'U ('om[)ound, hydrot^’mi sulpliidi/, H.S, issniny^ 
lieiii the earth in volcanh* |•(‘^^ons, and in solution in 
seiiK' natural Avatms^ kiiowii as “sulphur watto-s." d'lu' 
OMdo S(b is lil v(‘\\is(‘ found issuing' from tin' I'artli in 
Volcanic' I'eoions. (k)m])ounds of sulphui* xvith metallic 
' k 'lieiits, as with ii'on, co])])(‘r, lead, zinc, a rc' very abun- 
•hnit. Such c'o]n|)oujids aia^ iron pyrites, b('S.. ; co])])('r 
I'vriit's, Ou ; ^nihmit(% ld)S ; and zinc bhuide, ZnS. 
8oitic sulpliates are wi(h‘ly distributed and occur in 
^*'’pe (jiiaiitities ; for example, ^yj)sum or calcium sul- 
I’l'-itc , (1aS()^ 211., () ; barium sul[)ha,te, or lu'ayy spar, 

; lead sulphate, PbSO^. Finally, sulphur occurs 
Ili a tew animal and yc'getable products in combination 
'''id I earl)on, hydrogen, and, ^eiK'rally, with nitrogen. 

i^xtraction of Sulphur from its Ores.— I>y far tlie largest 
^hiantity of sulphur found in the market is taken from 
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tlio mines in Sicily. Of these mines tlioro are betwi , n 
250 ami 300. When taken from tlie mines it is irii\( ,l 
witli many eartliy suhstama^s, from which it niiisL ])(> 
separated. Tlie separation is generally (dh'ctcul in Sicily 
hy piling the ore so as to leave ])assa.ges for air, eovci in..- 
the piles with earthy matter to prevent free access of air 
and then setting lire to them. A ])a-rt of the snlpliur 
burns, and this causes the rest of the sulphur to iiitlt. 
The molten sul])hur runs down to tlui bottom of the 
pile, and by a proper arrangement it is drawn oil fioni 
time to time. If the ])ile of ore were not coveii'd uj), 
and the air were allowed to enter freely, the sulphur 
would burn up, and lie converted into the gas sulphur 
dioxide. The “ crude brimstone obtained in the maiiiior 
described is afterwards rellned by distillation, and if is 
this relined or distilled sul[)hur whidi is met witli in the 
market under the names “roll brimstone” and “ llowi'is 
of sul})hur.” 

The distillation is carried on in retorts made of earth- 
mi waiay and these an* connectcMl with large chanib(‘rs < f 
brick-work. W’hmi tin* vapor of sul])hur tii’st conn^s into 
tln^ con(h*nsing-chainber it is su(hl(*nly cooled, and Innice 
deposited in tln‘ form of a tine powdi'n Tliis is what is 
called “ tlow(*rs of suljihur.” Aft(*r the distillation has 
continm*d for some time tin* vajior con(h*nses in the toriu 
of a liipiid, wliich colh*cts at tin* bottom of the chaiiihcT. 
This is drawn oil* into slightly conical wooden moiihls, 
and tak(*s tin* foi’in of “ roll brinislone” or “ stick sul- 
phur.” 

Sonn* sulphur is obtain(*d Irom ii’on pyrites by heating 
in ch)S('d vess('ls. Tin* change which takes placo <*11 
heating iron ])vrites is p(*rfectly analogous to that w lii' h 
taki'S phua* on ln*ating manganese dioxide in preparing 
oxygr*!!. A sulphur com[)ound ot the formula Ie,,S| aiil 
free sul[)hur aia* foinn*d in tin*, former case, as tin* <‘<>111 
pound < )f manganese and oxyg(*ai, AFn^O^, and free ox\j-,' n 
are formed in the latter : 


3FeS, = F^-3^4 "f" > 

3]VIn0.j — -f- Ojj. 
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properties. — Sulpliur m a yellow, l)rittlG substance 
■wliu'b at — oO'’ is almost colorless. It melts at 114.5°, 
fonniiu’’ a tliin, straw-colored liquid. When lieated to 
n lii'dier t(unp('rature it Ixicojm^s dark(‘r and darker in 
color, and at t2()() ' to 250° it is so vis(dd that the vessel 
ill which it is contalmal maybe luriKal upside down with- 
out (lunger of its running' out. lhnally,a.t 148. 1° it boils, 
, 111(1 is tin'll convc'itod into a. brownish-yellow va[)or. 
When molten sulphur solidilies, or when it is d(^[)osited 
from a solution, it talo'S tin', form ot crystals. Ibit, 
slraii^^e to say, the crystals formed from molten sulphur 
are entirely dillerent from those deposited from cold 
solutions of sulphur. The latter belong to the rhombic 
system, ddiey are octahedrons with a rliombic base. 
And this is the form of the sulpliur found in nature. The 
former are honey-yellow needles. An examination of 
(lic'se inmdles shows that the angles which their faces 
form with one a mother are not the same as the angles 
formed by tin' faces of the octaln'drons, and that they 
Ix'loiig to an ('idirt'ly dilh'ia'iit sysb'ni the monoc*linic. 

Tlu' rhombic crystals of suliihur <*an be imuh^ by dis- 
solving “ roll brimstone" in carbon disiiljihidi' and allow- 
ing the solution to stand. When tin' liipiid has^sutU- 
( mnlly evaporated, the sulphur Avill ap[)ear in larger or 
smaller rhombic crystals, according to the conditions. 
A comparison of tin' crystals thus obtained with natural 
ciwstals will show' that the tw'o have iih'utical or vt'ry 
similai' forms. Tln^ formatioji of the needh's or mono- 
(iiiiic, crystals may be shown by melting a considerable 
gmiiitity, say a pound or two, of roll brimstone in a. sand 
nr Hessian crucible, and allowing the licjnid mass to cool 
^Inwly, WTn'ii a thin crust has formed on the surtace 
this should be pi'rforatc'd, and the ri'inainder of tin' 
h'luid sulphur pouianl olb The crucible will then be 
h'uiid liiK'd with long, dark yellowg lustrous nec'dh's 
'Hiich do not look at all like those obtained from the 
'^nliitioii in carbon disuljdiide. If the monoclinic needles 
allow^ed to lie unmolested they gradually uinh'rgo 
tiiaiige spontaneously. They lose their lustre arid be- 
‘ "iiie lighter in color ; and noAv, if examined carefullyy they 
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iiVL^ foujiJ to I'oiisisi of crystals lik(', tlios(‘ foim,] 

ill uaturi'. They liave chanj^ial to the iToinhic form. It 
is ('vichait, tli('r«h'or(‘, that the a-rraii^a^uieiit of the ]):ii ti- 
de's ill tile moiiocliihc crystals of sulphur is not a stnMc 
out', 'riu' chanj^e' is ac(*oiiipa.uieel hy a coiisidi'rabh' evd- 
lution of heat. 

Siihstanct's whicli crystallize' in two distinct forms ;iiv 
calh'd (/ i uiorphoifs. W e shall s('(' that c.-irhoii .-ilso ciys- 
tallizes in two dillerent forms, and that this kind of plu - 
noine'iion is nu't with not nnfi-e‘<juently amonjj; cln'mical 
c‘om])ounds. The' dilh're'iice' he'twe'e'ji tlu' two varie tics 
of snlpliur sut 4 n,‘<'sts that e>l)se'rveal he'twe'e'ii tli(' two 
forms of ow^e'U. W he'lhe'i* the^ e^xplaiiation is the' saitif 
in the two case's is denihtful. It appears more ])roh:il»l(' 
that the diire're'liea' in the' feirine'r e-ase* is due' to eliih'iviit 
arran^^e'nie'nts of the' niole'eade'S in the' e-rystals, ralln i 
than tee elittei-e'id arraiiji^eiiie'iits e)f the* atoms in the* nmle - 
e'ules. The* e'he'mieail ])re )])e'rtie'S eif the* twee varie'tie's :iiv 
praedie-ally iele'iitie'al. This cenihl harelly he* the* e-ase* if 
the* nnmhe'l’ eef ateenis in the* meele'emh' we'ie* elille'ie'iit in 
the twe) case's. 

Be'sieh'S the* twee fe)imis me'iitione'el sulphur can also he 
e)l)taine'el in the* annn-plienis, eer u ne-rystal lize'el, e'onel iti(ai. 
If meilteni sul[)hur is epde-kly e-eaele'e! uneh'r wate'r it jv 
mains for seime* time* seift ami elemeli-lihe, anel while in 
this ce)nelifion it is a im )i-plious. If allowe'el tee stami 0 
eraeliially he'e'onie'S hard anel brittle'. 

W in'll se'])arate'el freem e'e'i'tain enunjieiunels wliieOi am 
in seilntiein in wate'r, the snlphui’ is in a ve'i'v tiiu ly 
elivideel e'e)nelitie)n, anel five's tin* liepiid the^ apjaairam t ot 
milk. This is see'ii eui aelelinjy hyel i-eeeddeirie* aedd 1“ •> 
solution e)f sealimn thiosulphate*, e>r hy])e)sulphite', ;i> it 
is ‘.^e'lierallv e'alh'el. d'his substance,*, has the leniiiiil-i 
Na.S.X),,, anel the* reactieins which take plae*e lietwee'ii h 
anel hyelre)e‘hle)rie- aedel are* these*, : 

Na.S.O, + i^HCd H,S,( )3 + ‘2NaCl ; 

SO, -I - HT) + S. 

On treating certain varieties of sulphur with carl">u 
disnlpliide they are found to dissolve (,^oinpletely. 1 
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true, for exam pi of tlu' uatural ('rysfals ami of tliose 
,ii;n|(' aitiliciall y ])y (l('])ositlon from a. solution in (‘arhon 
(lisnljtliirlo. On tlie other hand, sulphur in tlu' form oi 
- tlowios of sulphur” is only ])artly soliihh' in the licpiid. 
'I'limc' ar(^ iher(d‘or(‘ two foians of sulphu]’ to hi' dis- 
[iiu;uisli(Ml l)(^tw('eii, th(‘ sohdule and the insohihlr. ddu‘ 
laiise of the d iltercuna' ladwiaui llnssc modihealions is 
not kiiowii. “Stick sulj)hur ” is iiiostly soluhh', while 
ill till' “ ll()W(‘rs of sul|)hnr” ther<' is at tiiiu's a (‘onsid- 
('ial>le ])('re(mta54(‘ of th<‘ insolnhh' \ari(dy. Sul])hnr is 
insolnhh' in wat('r, and slightly sohd)l(‘ in alcohol and 
ct li(‘r. 

Sidpliur Is a. nnndi less aetiv(' (dmnmit chemically than 
tli(' nnmdau’S of the chloriin' i^i'on]), and also less activi^ 
than <)\yij,(m. (leiierally sp('a kitij^-, however, it condiK'ts 
its(‘lf lik<‘ ()xy<^’en. it comhiiu's dii-(>ctly thont;!) not 
easily with hydroi;'(m, and it cond)ines iinidily with most 
riH'tals, f( irminjjj compounds calhal siiJfihhlvs which, so far 
as their com[)ositiou is coinau'iied, aia* analo<^ous to the 
(>\i(l('s. ddius wlnui heat(.‘d together with iron, copjxu’, 
o)- held, cond>ination taio's ])lac(‘ readily with ('volution 
"t heat and li^ht. In its clnunical (*ondnct it dilhvrs 
iiiaiivtnlly fj-oin the im'inhei’s of tin' cldoriiu' ;_;rou]). 
\\ lieu lieati'd to a, snlhciently hiu;h ti'inperatui’e in tln.^ air 
<'r in oxyn-cn, sul|)hni’ forms the compound sulpliur 
dioxide, S(),,,jind, umh'r certain conditions which will he 
dfserilje'd fartlu']- on, this comhines with inoiv' oxN^eii 
1 " toi'iii the, ti'ioxid (5 I’urtlu'r, it comhines with 

’"'al ly all the a,cid-formi nj^ (di'immts if heated w ith th(*m 
• " a siiilicii'iitly hioh tempeixa tuiX'. It comhim's with 
aiost other c'hmients h'ss lauadilv than ox\l;'('ii, and it 
l"rnis h'ss stahle compounds. Thus, its compound with 
hvdi'oymi is di'compos<'<l vei-y much nioix' ri'adilv iido its 
^'a iiimds than wx'itc'r is; and the sulphidi's or its com- 
I'oiinds Avith nu'tals aie di'composi'd wln'ii tlu'v are 
^"at(nl in oxygen, the oxygen dis])lacing the su]])hur, 
""‘ah as (ddoriiie dis])la('es hromim3; though tluua^ is a 
‘^hlej(uic(^ hetw'een tin' twu) cases to he found in the fact 
halt' siil]»hur itself uidtes readily with oxx'gt'u, and this 
^ a ditates the decom[)Ositiou of the sulphides hy the 
of oxygon. 
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Wlioii Aviili |)()\v('rful oxidiziiitr aj^oiiis sul])iiii{ 

is 0 ()uver((‘(l into sul])lniru‘ anid. dduis th(‘. action i,{ 
coiicciyirahMl nitric atdd taJvcs place in the main accoid- 
ing to tin' etpiation 

2HN{), 1 S H.^SO, ] 2X0. 

The action of snlpluir upon the so-ca.Hcd caustic ;i]. 
kalii'S, sodinin and poliissinm hydroxides, is sonc'w hai 
liki' that of chlorine, kroniiin', and iodimn It Avill tie 
reincnilx'rcd that with polassinni ]ivdroxid(‘. chloiinc 
forms ])otassinm chloridi' and ]M)tassiiiiii clilointc oi 
hypochloriti', a.ccordiin;' to tin' coiKnait ra I ion ai.nl Icm- 
])cratnrc. of tlic solution. \\ Inui sidphur acts ii|>(»ii. 
sodium liydroxid(‘ the sul[)liide is foriiUMl, but t)\yycii i- 
thus i’(‘n(h.'r('d ayuilabh' and sonu' ol it combiiu'S w it li tin 
sulphi(h‘, and suljdmr also combiiu'S Ayitli a part of tin 
sulphid('. The' [)rincipal I'cnactions iin'olyed art', : 

(1) 2Xa()ir ! S -XaS 4 H.4) f0; 

(2) Xn.,S -1 Xu,S,^; 

(d) Xa^s -f-S ! :;()’-^Xa,Sd\. 

IijXpressin;j; th(‘S(‘ innactions in oin* (spiatlon Ave ha, ye 

OXaOlL 12S 2Xa,S, f Xa,S O, -j- dll O. 

ddu" action is of tlu' same ycin'ral c1iaract(M‘ as liinl: 
whicli iak('s ])lac(' in tin* <*as(‘ ot cldoiunc, hut dilhns li Miif 
it in the fact that sodium sulphide', Na S, has tin' povo i' 
to take, u[) sul[)hui‘, and als(» to take' ii]) sul[)hur nnil 

( )X A'et'U. 

ddu', s]H'ci ti(ve,ra,y ity of tin' ya,p<»r(>f sul ph ur varies wiik 
the t(!inp<'ra,tin'<', and is such as to iinli(*a,te that at iciii- 
jx'i’atu I't's not fa,r above', the, hoilin;^' ])oint tins molcriik' 
consists of (‘i^ht atoms, Avldh' at the tempc'i-atui't' ''H*' 
and hi^^lu'r the molewuh^ consists of two atoms. 1 1"' 
su^^epsts tin! ([uestion wlndhe!!* tin! mohicnle of sulf iair 
in tlie solid form may not he more conipl(!X tliaii 1 1"' 
condition represented by tlie symbol 8^. AV(! liav ii" 
nn!ans of answerin^^ this question with .any certain! -‘t 
])resent. 



COMPOUNuS OF SULPHUn WITH lIYDHoaFX. rj:3 


LTsoB of Sulphur. — Ihiorinoiis qiiaiititios of sulplivir 
iisimI ill trlie of sulplinric arid, and of ^un- 

It is also us(hI in tlir uiauufacd urc^ of lirr- works 
<)] \;oious kinds, ihirnin^- sulplnii- i;i\('s sulphur dio\i(h\ 
uhicli is (3xt<Misiv('l V (unployiMl for l)h‘a(diinj^ wool, silk, 
sl'MW, rtr. \\ hen raoui(diour is thoroughly luixanl with 
siili)hnr or souui sulpliur roiu[)ouud it Ixh'ouu's vulraii- 

C()MroiiNj)s of SuLFJiuii wmi HvdikxuvV. 

^rii(' j)i iuripal roinj)onud of sulphur aud hvdiogi'U is 
:ui:ilo^-oiis in ronipositioii to watt'r. It is known as \]\- 
(jroL;('U snlphidr or sul[)h mydliMl li vdro^i'ii, aud lias ilu! 
foriiiuhi ii„S. Jh'sidc's this tluUH'. is at h^ast oiu' ollirr 
(‘()in[)onnd whirh contains a lar^iU' pro])oi’tion of siilpluiv', 
pi'ohahl v has the coin position 'Thrri* aru 

r(';is()iis for sii])[)osin^', furtln'r, that still inoi’i' coniph'X 
coiiipouuds (*au ('\ist, but owiiiu; to their instability it is 
impossible to isolat«' them in pui‘(' condition and study 
(Iksii. 

Hydrogen Sulphide, Sulphuretted Hydrogen, IIvS. 
li(Mi hydi'ogiui is [)assed ov(‘i’ highly lu'ati'd sul])hur 
tile two (deiiKuds combine to form hydrog»Mi snlphid(\ 
Tli(‘ act ion is, ho we\ (‘T, (piit(' incompl(d(‘ and is not to be 
yoiiipaiaMl with I hat which takes plac«‘ when hydrog('n and 
<'\yg(>ii a r(‘ h('al(‘d tog<'th(‘r. d'liis compound ot sulphur 
>‘uii 1 hyd rogeii oeeii I S in mat u I'e in s- d iition in t In^ so-(‘a lhal 
“siilplinv \\at('i-s,'’ which aia' met with in many ]mits of 
bi'‘ woidd. It is formi'd l>y Inading organic snbstaiuam 
^^ lii(•h contain sulpliur, just as water is fornnal by heal- 
iiig oiganic substanc(>s which contain o\yg<m. It is 
hniinal, fuitlu'r, b\ (h'com posit ion of organic substanci's 
^'liiili contain sulphur, as, for 4 *xample, tlu' albunn'U of 
'■yg^. I'li(‘ odor of rottmi (\ggs is partly dm' to tin' for- 
"'■dion of hydrogiui sul[)hid«'. It is formed by the action 
icids u[)on sulphid(*s or h \ drosul jihidt's, just as water 
toriiuMl ])y the action of acids upon oxiih's or hydrox- 
ides (see p. Id 2 ). Thus hvdrfxddoric acid and [('irons 
^'dphide, Ik'S, give ferrous cliloride, TeCl,, and hydro- 

g' II snl|)hide : 
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FeS I- ‘2HC1 == FoCl, 4 II,S ; 

just as ferrous oxide, FeO, and liydroelilorie acid [^ivo 
ferrous eliloride and water : 

FeO 4 2HC1 = FeCl, f 11,0. 

80 also ])otassiuin liydroxide uiid potassium liydrosul- 
pliide act in tlie same way, as has Ixaui pointed out : 

KSH 1 lUU rrr K( 1 + H..S ; 

JvOfi + HOI ^ K(d 4 IFO. 

It is generally f )rni(‘d hy tin' action of nascent liy(l)(»- 
gen n])on sulphur cojiipoiinds. Thus, it Jias hc'c'ii shown 
tliat tlie liydrogen from liydiiodic acid has tlie power to 
reduce snlpliuric acid to Ipvdi-ogen sulphide; 

II,SO, 4 8111 =r H,s 4 - 1 HX) I 81. 

lu the lahoratoi'v, wJn're the gas is extensivcdy tisimI, 
it is gcMK'rallv pre])ar(Ml fi-om h'l rous sulj)liid(', FeS, mid 
dilut{‘ sulphuric acid, which ai'c' simply hrought tog('llii'r 
at tlie oidinai v tc'iipieratuin' in a Hash smdi as is usi'd in 
making h^'d rogeii. 'Tlu' mniction is lik(' that whicdi tn kos 
}dace l)etw('en ferrous sulphide and hydrochloric add. 
It is r(‘pr('S('nt('d by this (wpialion : 

FeS + H,SO. - IXSO, 4 ^ H,S. 

Properties.- II vdrognm sulphide' is a, coloi’h'ss, traiis- 
piareiit gas of tin' sp('cihc. gravity 1.178. It has an < \- 
treinelv disagrc'i'abh' odoi', somewhat suggestive of tlint 
of j*otte»n r'ggs. It is ])oisonous, ('V('n small (.plant it n s 
causing In'mlaodn', v(*rtigo, nausini, and otlu'r l)a.d svnij'- 
toms. It burns Avith a. blue llame, forming water and 
sulpliur dioxi(h^ : 

H,S I- TO ^ : H/ ) 4- SO,. 

If, however, the air lias not fri'e access, as wlien the eas 
is burned in a ('j liinhu* o^imi at one end, only a pari of 
the sulphur is burned, the rest being deposited upon 
the walls of tin', viissel, while tln^ hydrogen burns, d 
gas is soluble in water, about three volumes being tad 
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tip ;it ordinary tompcratnros. Tliis solution is used to 
s(-iii(‘ oxtont in the laboratory instead of tlie gas, but, 
ouiiig to the fact that it readily undergoes eliange* in 
(•()iisc(] lienee of the aetion of the oxygcui of tlie air, it is 
not ;\s valuable as it would be if it were inore stable. 
Th'^ eliange consists simply in the oxidation of the hy- 
(hogeii and the separation of the sulphur. If a bottle 
containing a solution of hydrogen snl]diide is allowed 
to stand for a few days, particularly if it is o])ened from 
ti!n(' to time, the odor of the gas will disa])pear and a 
<lt'|)osit of sulphur will be noticed in the bottl(‘. d'he 
li(Hiid is thmi nothing but water. When the solution is 
lioih'd it los(‘s all the gas contaimal in it. 

Hydrogen sul])hid(‘ is easily decomposml into its ele- 
iiKails. It re(|uir(^s a tem[)(‘ratur(‘ of only a little above 
lot) to ehect direct decoin[)osition. In c( »ns(aj iieuce of 
this instahility it causes a number of changes which the 
analogous compound water cannot eilect. ^J’he relations 
]nn(‘ are similar to tliose which exist ladaviam hydro- 
chloric and hydriodic acids. Hydrochloric acid is yery 
sta])le, whil(‘, h>driodic acid Ineaks down I’eadily into 
liydrogmi and iodima Therefor<‘ hydriodic acid, as we 
liav(‘ seen, acts as a reducing agmit, while hy^lrochlorio 
acid iloi's not. So, also, hvdrogmi sulphide acts as a 
ri'ducing agent, dims, if it b(‘ passed into concentrated 
sulpliuric acid this i-eaction taki's place: 

H,so, h H,s r:. ms) -I s I 

Th(‘ action is to be trace<l to the decomposition of the 
liy( lrog(m suljdiide into hydrogen and free sul|)hur, the 
hydrogen then acting u[)on tin' sulphuric acid thus; 

H,SO, + m = 2H,() 1 so,. 

biih hydriodic acid the redmdion may go farther, as 
has been seen ; with hydrobromic achl, howeyer, the 

lion takes place practically in the same way as with 
hydrogen sulphide. 

hddorine, bromine, and iodine act upon hydrogen 
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sulpliitlo, setting tlio snlpliur free and uniting \vitli tbo 
hydrogen : 

H,s -1- Cl, 2HC1 + S. 

This reaction suggests tlie decomposition of water Ig 
eldorine, but wbat a dilVerence tlnuti is between the two 
rases! (dilorine d(‘com])oses wati'i* very slowly ;iii(( 
only under tlie influence of the direct sunliglit, wliilt' it 
docoinposc's hydrogmi sulphide c(>in})letel y and instent ly. 
Hiniilarly, liydrogen sul])]iide lias the poAsau’ to abstr.ict 
chlorine from some of its com[)ounds, as, for exampli', 
from ferri(? chloride, \\ hen this is treated w ith 

nascauit hydrogen from any source, it is reduced to h r- 
roiis 'chloride, hcCl,, thus: 

heCl, ^ H ^ h(^01, + llCl. 

So, also, Avhen it is tinted Avith hydrogen siilj)hid(' it 
is reduced in the same Avay in (a)nse(pnuice of the action 
of the hydrogen : 

2r(d d, d - ^ -[- 21IC1 -f S. 

The instability of liAalrogen sul[)hide is further shown 
])y the (n‘is(‘, with Avhich it is d(H*ompos(‘d by irndnls with 
lib(‘ration of hydrogen and formation of sulphide's. It 
Avill bo remendx'rc'd that at high tempe'ratures se'vi'r.il 
]netals decompose water, but that at ordinary tem[)('i;i- 
tures oidA^ a f(*w decompose it eaisily. Hydrogem siil- 
]diide acts mmdi more^ ic'aelily ; a numbe'rof nu'tals A\ liirli 
do not act u])on water eve'U at high t<u)i])eratures, as sib 
ver, gold, and mercury, eh‘com])ose this gas at oi-diiinrv 
tenijx'rature'S. 

HAalrogeii sul])hi<h> acts u])on nu'tallic oxides, con Net t- 
ing them ijito sul])hides, as for exani])le : 

CuO l-ITS = CuS hH,0. 

Action of Hydrogen Sulphide upon Solutions of Salts ^ 
Use in Chemical Analysis. — Hydrog(m sulphide is (^xti n- 
sively used in exery chemical laboratory as a reagent lu 
chemical analysis. In ord(‘.r that its action may ho 
understood a fexv Avords of (explanation are necess ity- 
Sulphur, as Ave have seen, has a strong attinity foi bio 
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]iii't;illi(* or base-forming elements, forming ^vitll Hkmh 
t]i(' sulpliidos. FiirtlKU’, iiydrogon sulpliide is easily 
(l('(‘()m[)osed, and the substitution of nudals for the 
liydrogam is facdlitatml bv tliis fact. Tf now a salt is in 
sidiiiion in watcn- and liydrogen sid2)liide is ])assed into 
tli(^ solution tliere will, of eoTirse, la* tlic'^ teiidmiey to the 
i'oiiiiatioii of the sul[)hid(3 of tlie metal eontaiiual in the 
salt. Thus, su[)[)ose the salt in solution is silver nitrat(% 
A^NTb. On passing hydrogen sulphides into this solu- 
tion the silver will tend to combine with tlie sulpliur to 
form the sulphide, AgyS. If this is foinned, hydrogen 
iiiiist b(5 freed from the hydrogcni sulphide, and this 
would probably take the place of the silver in the nitrate, 
forming nitric acid, according to this ecjuation ; 

t2AgX(), + TbS Ag,S -f 

If the dilute acid thus foi-imnl has tln^ ]>ower to decom- 
])os(^ silv(U' sulpldd(3 th(‘ sulphid(^ will not b(‘ formed; 
hilt if it has not this ])ow(U* th(‘ sulphide will be foi ined, 
and it will b(‘ thrown down or prm-ipilatial if it is an 
insoluble compound. TIk* sulphide's of sonie metals 
are not decom])os('d l>y diluti' acids, and ari' insoluble 
in wati'r. If hwdroga'H sulphidi* is passed through solu- 
tions of tlu' salts of tlu'se metals the sulphiih's are 
thrown down. 

Si'condly, tin' sul[)hith'S of sonu' nu'tals ari' (h'coin- 
]ios(m 1 by dilute acids. I’laiidy, tlu'SJ' cannot be thrown 
down by simply passing liydroga'ii sid[)hide through the 
Solutions of tlu'ir salts, wlu'lher tlu'N ari' solubh' or in- 
soluble in Avater. Tdiiis, for <'\ample, tln^ sulphide of 
iron, l'd*S, is insolubh* in w.ati'i*, bu( it is ('asily (h'c*om- 
|>"se(l by dilute acids, and therefore Avlu'n liydrogi'ii 
sulphide is ])assed through a solution of an iron salt the 
sulphide is not precipitated. Jn the case of the sul- 
pliab^ the reaction Avould b(^ 

FeSO, + H,S TVS -j H,S(),. 

Jhit the dilute snlphurie acid would decompose the sul- 
idiide, and the la'action does not take place. If, hoAvevt'r, 
u soluble sulphide is added to a solution of such a metal. 
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decomposition takes place. Thus, if, instead of i)a.ssjijM 
liydrogen sul 2 )iiide, a solution of potassium sulphide in 
added, rcactioji takes place thus: 

FeSO, -f Iv,8 =: + FoS. 

Here no sulpliuric acid is formed, hut, instead ol; it, 
neutral potassium sulpliati', \vhi(di does not act nj)o]i I lie 
ijisoliible sulpldde. Advantag(5 is tMlvcn of this fact iu 
cheiiiical analysis, hut, in place of |)otassium sul[)lii(1(', 
the analogous compound, ammonium sul])lii(le, (AH,y,S, 
is used. Tills acts in the same way'. Tlius, in the cmsi; 
above cited the action witli ammonium sulphide is rc'pic- 
scnted by this (apiation : 

FeSO., -i- (NHA.S ^ (NH.XSO, + FeS. 

There arc^ several metals which act towards hydrogiMi 
sulphide in tin' same way that iron doi's. 

Thirdly, there ari^ soirn^ metals whose sulphides ;iro 
soluble in watm;, and, thmad'ore, if solutions of their s.dts 
are treatial with hydrogmi suljdiidi' or with ainmonimii 
sulphide no ap[)arent action takes [ihice. 

Facts like thosi^ just r(‘ferr('d to form a good b;isis 
for the division of tln^ metallic, elennmts into groups for 
purpose's of analysis. According to ilie above these th - 
inents can be divided into three grc'at grou[)s, as follows; 

I. ]\Ietals whose suljihides are insolubh* in wa-ti'r ntid 
not deconijiosed by dilute acids. This is called fhe 
(Inxjrti sulphide (/roup. It imdmh'S h'ad, bismuth, silver, 
mercury, copper, ('admium, gold, platinum, tin, anti- 
niony, and arsmiic. 

1 1. M(‘tals whose suljihides are insoluble in wati'f I'lh 
are decomposiMl by dilute acids. . ddiey ai’i^ theodoie 
not pr(U‘ipitat('d by hydrogen sulphidi', but are pi’i'cljii- 
tail'd by soluble suljdiides. As ammonium sulphide is 
used for the purpose of etbu'ting the ])recipitation i!iv' 
group) is known as the (tmiaemhon sulphide <froup. It hj- 
eludes iron, nickel, cobalt, manganese, thallium, xii**, 
and uranium. Further, the two elements aluminium mi'l 
chromium are thrown down with the above, not as sab 
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plii(lc‘S blit as hydroxides, and they are therefore in- 
chilled ill the group. 

III. Metals whose sulphides are soluble in water. 
Tills group incdudes all the metals not included in the 
a'riove two. 

By taking advantage, then, of tlie properties of the 
sulphides of the metals they can be divided into tliese 
lhre(‘ groups, and the detection of any particular element 
is thus facilitated. If hyilrogim sulphide is passc'd 
through a solution, and a precipitati^ forun'd, we kiioAV 
that^this can contain only those metals which lielong to 
(hi' hydrogen sulphide grou]) ; and so on. Now, if the 
prei-ipitate fornu'd with liydrogmi sul[)hid(^ is tri'afial 
with certain other reagmits other cliaiiges take place, 
and by further study it is <piit(‘ possible, and indeed 
c'oiiiparatively siniph', to determine which of the. nnuii- 
hers of the group) are present. 

One reaction made use of in further examination of 
the hydrogen sulphide precijiitate is ])articularly inter- 
esting in this connection. Under the head of Acids and 
]>as('s conip)ouiids w'ere referred to which were calh'd sul- 
j)hnr acids and sulphur bases. Oorres])ondiijg to the 
oxygi'ii acid known as arsenii* a<*id, a\ hich has the formula 
IljAsO^, there are salts which are plainly diuived from 
the correspondiug sul])hur acid H.,AsS,. Such salts are 
lorined ])y treating arsenic. sul])hide with soluble sul- 
p)hides, as for ('xaniple ammonium sulpliidc' : 

As„S, 4- 3 (NH,.),S = 2 (NH.).AsS,. 

So, too, tin forms an oxygen acid, H^SnO^; and salts of 
the corresponding sulpdiur acid, K^SnS^, are formed by 
ti'eatiug the sulphide of tin with soluble sulphides: 

SnS, + (NII,),S ^ (NllO.SnS,. 

some of these sulphur salts are soluble in water, 
fhis is true of the ammonium salts. 80 that wheu 
Ik*' sulpihides of metals which have the piower to form 
^:dts of this kind are Ueated with ammonium sul- 
phide they i^ass into solution. Of the metals of the 
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liy(1ro<^('n snlpliidn gToup only arsenic, aiiiiinony, an.! 
till liave this* power ; so tliai, ii’ the liydrogeii sul- 
phide pr('ci[)itate is treatiul witli annnoniiini sulpliidc, 
arsiMiic*, antimony, and tin snljihhh's are dissolved if 
2 )res(Mit, wJierens the otlnn- sulplii(h‘s are not cliany..! 
hy tills treatmmit. Thus a means'is at'l'orded of snhdivid- 
ing tlu'. liydi-ogen sulphide^ giou]) into two siilj-gi-oLi])s; 
((/) iNIetals whose sulphides arc' insol nhle in aniinoniuiu 
sulphide; and {!>) nndals whose sul})liid(‘s arii solnhlu 
ill aiuiuoniuni sul})hide. 

Hydrosulphidos. — ddie action of hydrogen sulj^iidc' 
shoAvs that it Ixdongs to the edass of acids. A\ hmi ii 
acts upon an oxidii the ('orr(‘S])onding sul])hid('. ami 
Avater are formed. But just as there are suljihidi's 
which are derivial from lyvdrogmi sul|)hide hy the ri'- 
phuamient of both liydrogiui adorns by nndallic elements, 
so th('r(‘ arc^ hvdrosulphides which arr^ (huivml from it 
by the re])hic(‘m(‘iit of only one ol th(‘ two atoms of hy- 
drogmi in tin' nndecuhu Tin' sulphidi's corres])ond tn 
the oxidi's, and the hydrosulphidi's to the hydroxides. 
Thus th(‘ analogous oxygmi and suliihur com})ouiKls nf 
potassium are : 

K.O KS 

KOIf KSH. 

'\Ve s])eak of sulphides and hydrosulphidi's as salts of hy- 
drogmi su Iphide. In cons(Mpi(mc(' ot this ability to Imm 
salts ill the same wa\' in gemo'al tl)at acids do, liydroy ii 
.sulphid(‘. is soiiHdimes calhul s nI pinftf ric ec/d, and the s.ill^ 
of tin* formula i\l SK, s/flph/d rafes. dTii' naim^ suljihyd i ;i1» 
is analogous to hydrate, whiidi, as has bmm ])oint('d out, 
is usml b\' some to di'signate, tln^ compounds ol tin' l"t 
mula ^lOH or the hydroxidi'S. Ih'twi'cm tln^ acid, hyd'"' 
gi'ii sulphidi', ami tin' neut ral c(>m])ound, watei’, tln'i i' u' 
fundamental dilleri'ucix ddie dillermici's is sim[)ly oin " 
degriMu In tin', pn'sent systiuu of climnistry, whict n 
largely an oxy^gen systimi, water is n^gardinl as tin' < <'i' 
necting link between acids and basics, as was shown 
p. 135. But Ave might Avith etpial right base our <h'li 
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nil ions and coiicoptions of acids and bastes upon tln^ 
noinlnct of su1])luir compounds, and thus ])uild up a 
sulphur SYstiun. In sucli a systmn liydrogcni snlphnlc 
would i)(‘ tln‘ coniu'cting Jiidv hctwccn :icids and l)as4'S. 

Hydrogen Persulphide, II S,(?). 'I'hc sul])hi(l('s of c(n'- 
tuiii metals, particnlaily tli(‘. so-call(Ml alkali imdals, so- 
tliiiin and potassium, coml)im^ wit.li sul])lmr to form tln3 
|K)lvsulphid(‘S, ('xamjdcs of Avhich ar(‘ Iv.K„ K.,S,, K.^S^, 
ajui lY .^r,- ^Vlicn Uu'scarc, decompost'd witli dilut(' acids 
^oiiipounds of hydrogen and sulpliur are foiimul. It 
tins finis far, lioNyeyer, heem impossible to determim^ 
whetln'r mor(‘ than one such com))onnd is fornu'd, for 
tlic luuison that theia^ is no means of <leciding \yh(dher 
the substances foi-nnul are chemical compounds or mere 
iihxtun'S of sul])hui’ and soim^. one com[)ound of sult)hnr 
and hy<lrogen. H ydrogmi piu'sulphidi' is a li(pii<l with a 
v(U‘y (iisagrc'eabh' odor. Just as hydrogen dio\i<le d(‘- 
(M)mpos('s lauidily into water and oxygen, so hydrogim 
|)crsul[)hid0 decomposes rtuadily into hydrogxn sulphide 
and sul])hur. 

(h)nc(nning the ('oustitution of hydrogmi ])ersul])hide 
nothing didinite is known. If th(‘ constitution of hydro- 
gen .lioxid(‘ is il-O -() -H, and hydrogen ]HM-sulphide is 
a disidphidcg it sinuns probnbh', that it has tlax constitu- 
tion H-S-S -IT, but thei‘e is no (o idmu*e bearing upon 
tills point. Th(‘ fact that the sulphi(h‘s can tak«^ np tour 
nnd only four atoms of suljihur, just as tlnpv can tak(' up 
hnii' and only four atoms ot oxygen, takini togxdln'r yith 
the gtnn'ral similarity betwenm the conduct of oxyga'ii and 
that of sul])hur, snggi'sts that these two reactions may 
he of th(‘ sani(‘ kind : 


K.,S -f IS K.SS, ; 

K,S 1-40 = K,S(V 

but for rinisoiis xyhidi will be more fully pri'sonted 
•onhn- Sulphuric Acid (xyhiidi stab, it is genmally bdicAnal 
t'int in this acid two of the oxygen atiAins ari' in diix'ct 
e'nnbimition with sulphui’ aloiu', while two are in (*om- 
I'ination with sulphur and hydrogen. If the polysul- 
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plude lias a similar constitutiou it must be ri'presc'nt.d 

8 

bv’’ the formula K-S— S-S K, aud, further, if the stnu'l uii^ 

ij 

8 

of the polysidphide be as here represented, it is possili],- 
that persiilphi(h‘ of hydro^im has a similar eonstitutioii. 

Compounds of Sulphur with Members of the Chlorine 
Group. - 8ulj)]iur (*ond>inrs dir(H‘tly ^vitli ehlorim* niid 
forms the eompouiids 8./'!,^, 8(0.^, and 8(^1^. ()1 tlii‘S(‘ 

tlie first is the most stable. I'liis can Ix' l>oih‘d wftlioiit 
uu(h'rtj:;oiiijj;‘ (hH‘om[)ositioii. 'I'Ih' s<*('oml, sulphur dirlilo- 
ride, 8(1.,, luideiy^oi's (hH*om[)osit ion into chloriju' mid 
sulphur moiioeldoridt' at tlio hoilinp,' point ; w hile siil|ilnii’ 
((‘traeldoride (^xists oidy at low ttmijxnatures. All tlu si' 
eompounds aJ'(' deoom[)osed by wattu’, yiiddini; o\vl;(‘ 1 i 
eompouiids. In ixdbrrini.;- to ili(‘ ilillbnuiei's IndwcMUi IIk* 
aeiil-t'orming' and tin* bas(‘-lormin_i;' idmumits, attmit imi 
was ealled (soe p. l^o) to tin' faet that, in gmuual, (lie 
oxides of the bas(‘-forming ♦'hmieiits are (h'eomposed hy 
hydroeli lorie acid, yieldin;^ nndallie eddorides and N\al»'r; 
whenaas witli tin' acid-forming- (denitmts tin' rc'veisi' is 
triK', that is to say, tin' (ddorides of the a(‘i<l-loriiiliiy 
elenn'iits ar<', in j^'cin'ral, (h‘coni]>os<'d by ^\ater yi( liliiiy 
oxides or hvdroxid('S and hyd ro<dilorie ac‘id. Tin' hatli 
ot this ‘j;en('ial stateiin'id is illustrated by tin' eompoiiiiils 
of sulphur and (ddorine. Ihit tin' products lornn'd, 
(‘♦‘pt in the ease ot tin' let ratdiloride, art' not strn-ll\ 
analogous to tin' ehloriih's whiidi ari' (h'eomposed. 1 Inis, 
if in the nnnn nddorich* 8A''h^ w('r(' simply siihsti- 

tuted for (ddoi ine, tin* pr(Kluet would bt‘ 8,/) ; but 
is no ecunpound of oxypmu of this composition, tin' sim- 
])h'st one Ix'inj^ sulphur dioxidt', 80, j, aaid this is iora" '!. 
The exe<'ss of sulphur set fiaa*, a,bov(‘ that laxpun'd tni 
the formation of tin', dioxide, is ])reei])itated. Tin' laaiu 
part of the ri'acdioii is represeutt'd thus : 

28,01, + 2H,() 4HC1 f ^8. 

The decomposition of the other chlorides takes plai e m 
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m:] 

;i siiiiiliii’ way. That of the ilicliloride is re})res(‘iit(Ml 
1 )\ tlie equation 

2scn, + ‘2IIX) SO, + men + s. 

of tlK‘ tetfacliloride consists simply in tlu' direct 
] (‘lilaccnnmt of tlii' (‘hloriin^ hy ow^cm. 

( )t‘ the other compounds of sulplinr with mcmlxu's of 
tli(‘ ('hlorim* p;roup, tin- Inaxioditlc', SI,., is })('rlm])s the 
most intiu’estinj^', as' it slnnvs that snl))lnir can lu' sceviva- 
Jmit t<4wards otlnu’ i‘lemeids tlian oxyj^en. ddiis luexio- 
didt', is an e^ftreiindy unstable compound. There is 
doiiht as to its existence. 


Seleml’m, So (At. Wt. 78.12). 

Occurrence. -Stdiuiiiun occurs only in small cpiaJititv 
iini.it ui’('. It was tiist f(mnd in tin* ih'posit foiuned in a 
.•a]l|)liuric acid (diamlxu- (S(a' p. 21 d), and owaal its oi‘i_L;iii 
to till' pri'smicc' of small (piaiititic's of seh'iiides in the snl- 
jiliidi's used in tlu' opeiation. It was foumi to I’l'si'inble 
ti'lliirinm, and for that reason was called seh'nium, fi'om 
aeA///'//, tlu' jiioon, t('llurium ri'ci'ivin^ its name from 
/i'////.v, th(‘ ('arth. Selenium occurs in a numbi'i' of the 
iiatni-al sulphides, such as iron pvrites, coppi'i' |»v]dtes, 
/iiie l)lemh% (‘tc. ; and w hen tlu'si' art' li'('at<'d in a curri'iit 
at air to de('omj»os(' tin'iu and convert the sulphur into 
i^Hl|)liur dioxide, the seh'nium is also oxiilizi'd, and tin' 
^''I' liium dioxiih* t h us fornu'd is carrir'd into the tines 
and other jiaids of tlu' a])])aratus. As it is a solid it is 
aasilv condensi'd, and gradually a consi(h‘rable (piantity 
'■alliM-ts in the tlui's. d'his tliK'-vlust is tin* best mati'iial 
h'luii whic'h to malo* st'h'nium, Tor tin* pui'pose of ('x- 
h act ion tin* dust is trt'ated w ith oxidi/inp; ap:ents, and 
flic seh'nium (‘onvt'ried eitlu'rinto seh'iiious acid, Il .SeO,, 
'*>■ a salt of s('lenic acid, H,St*(),. 'This is then la'duced 
proper means. Thus st'lenious achl is reduced to 
^I'leiiium l)y passing suljdiur dioxide throuj^h its solii- 
lien; 


H^SeO, d- 2S0. + H,0 = Se 4- 2H.S0, 
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liNdro^ou also rtnliicrs soh'iiioiis acid, fovin i 

lio\v('V('r, in»t sel(‘iiinni, sc'L'iiiiiin siil[)iii(l(‘, Si s 
analogous to suJj)]iui’ dioxide'' and sednninin dioxidn : 

IdSoO, f lil LS dIdO + He S,. 

Properties.— riirrt^ arc'; two inoditinations of sediniimnj 
corresponding to those^ <)f snlphui'. One', is soluble iu 
carbon disulpbido, tln‘ other is Jiot. d'ln> soluble inim 
is e)btained by reMlncing S(d('nious acid by nu'aiis of sub 
plinrons aend, or by nnuins of otlnu’ rc'ducing ageids^ ^I'liu 
insoluble variety is obtaiinal i)y nndting sedeuiinin, tluii 
e‘ooling it down suddendy to dlO , and keu^piiig it at 
this t(un[)(‘ratnre for sonu' lime. W Inoi it solidilu's it is 
found to b(‘ no longen* soluble* in e*arbon elisulpidde. Si - 
lemium burns as sulj)bnr doe*s, forming tin) eexide S(‘(), 
which lias the odor of rotte*n horse*-radishe*s. 

Ilydrogon Solenide, H, So. — This compouiiel is made' in 
the) same) wav as the) corre'sponding e'oni pounel of sul))liin', 
by ti’eating a S(*leuiid(*, as, for e*xample*, f(*i'rons se‘h*iii(le', 
l^’eSe*, with an acid. It is a gas, w liiedi is soluble' in 
wate'i’, and has an odoi’ some'tldng like* that ol bydi'ogtni 
snlpbieh', but it jirodue-e'S much more* ])e)we*rful ('Ubits 
upon tin* olfaedorv ne‘rve*s, te‘m poiai rily eh'streeyiiig tliu 
se'iise e)f sme‘ll anel eaausing painful se‘usatie)ns. 

The* e‘om])ounds eef se‘le‘ninm with tin* me*mbe'rs e»f lln' 
cldoliin* greeiip pl'e'se'lil no ie';iture‘S eef speeual ilite'l'esl m' 
i m [)oitance‘. In ge*ne'ial lhe'\ re‘se*mble' lln* e*e)l‘l'<'Sj k iii<b 
iiig e‘om])e)unds of suipbi'r, but are* more* stable*. N'> 
iealide* of se*le*niuni e*oi-re*spemeling tei the) ]n)xie)dide rit 
sulphur has be'e'U elise-ove*ie‘el. 

T’laaauili .M, (Te At. \Vt. Idb.n^). 

Occurrence. Te*]lni-ium e)e*e*urs in some gold ore*s lu 
the native) ejr une'e)mbine‘el conelitieen, anel alse) in enn- 
binatieui with ge)le], silve*!’, antinnuiy, h'ael, and eillnt’ 
metals. Te*llui'iele‘s e)ce*ur, anneiig othe*i’ plaeaes in dm 
United Htate*s, in (kilitdrnia anel Virginia, ddn* ge*ii< ml 
meitlneel e)f preparing tellurium fre>m its ores is the s iim' 
as that by whie*h se*lT‘iiiiim is made. The3 tellurini i 
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jixldizo*! to t(‘ll inioTis ai'id, ^vliicdi is isolated, 

^iiid tlu'ii rediuaMl l)y means of siilpli neons acid. 

rropcrtios. — Ttdinrimn is silvcn -w liit(‘, ami eiy stalli/es 
..;isilv. Hi'ated in tlm air it Ininis, I’ormiii;^- a tliiek 
wliiie, (doiid of t<dlnrium dioxide, dVO,^. Trceited uitli 
suljdimie mdd it is- oxidi/cal to trllnrioiis aei<l, ll/id'O^, 
tin; siilplnirie acid l)ein{^ r(^due(‘d. Nitric acid oxidi/es 
t likewise to tdlurions acid. iMcdtial together with 
potassium nitrate it is conviuhcl into potassium tellurah', 

Hydrogen Telluridc, II -.To. — 'This compound is made 
l)v treading /ine* t(dlurid<‘, ZnTi^ with an aciil. it is a 
<gas, whicli res(Uid)les hydiogem sulphide in most of its 
|)i'o|)(‘rii(‘S. 

hike sulphur and selenium, tedliirium comhines with 
tli(‘ iiKunlaus of ilu' (ddorine gioup. Tln^ compounds 
\[vv moi'('. stahh' than those' of the otlu'r two ('lemeiits of 
tlu' group, ddiiis, taking tin' tlire'c' le'tracldorides, that 
of sulpliur is ('xtix'nn'ly unstahh', hi'ing ca])ald(i of exist- 
('iKM' only at low te'iipx'rat ma's ; that of seh'idum is moia^ 
stable, but still it is decoinp)osed wlieu heated to tlio 
hoiliiig tc'inpe'ratu re ; wliih' that of te'lluriuiu can bo 
lieat('d far above the ti'inperature' of boiling without de- 
foiiiposition. 

\\ Ik'U te'lluriiim te'trakerondeh' is tia'aie'd with potas- 
sium (dilorieh' a com[)ound of tin' formula K/l\'l>r,. is 
l"riiied, whiedi in composition, as will he ohse'ived, is 
uiialogous to potassium tellui-ile, K.dk'O , two atoms of 
hroiniiK* taking tin' plaea' of e'ach atom of oxyge'n. ddiis 
■'•lyii'ars to lu' a d('rivati\(‘ of the a<dd 1 1 d'e Ih;., which is 
■^iudlar in (‘ompositioii totin' cddorplatinie' acid, H ld( 
i'd('ri-ed to on p. 1 t‘J, and to tluosilicic acid, Il Sih,. As 
^uis alre'ady Ix'e'ii re'inarked, not Tuany siudi c(»inponnds 
*'1 llu' a(*id-forming ('h'linuds are commonly nn't with, 
lai ^a'ly h^r the reason that they are' fo)’ tin' most ])art 
' Usdy decom])os('d by wate'r and converted into the cor- 
responding oxygon compounds. 



CHAPTER XIV. 

COMPOi XDS OF Sl J. Flit It, FFIJ-.SII M, AM) 

WJ'l'Il OXyOF.S AM) WITH OXYUKS AXI) IIYI>i;ih;i:\, 

Introductory , — It hnx ulrriidy Jn'i'ii stntiuj thnt, u ln^u 
the three (dements of the sulphur pTonj) ;H(' hiiriinl ii, 
the air, they ar(‘ ron vcvtcd inlo tin' (unK'spomliny dinx- 
id(\s. I iid('i‘ ('(*rtaiu condihoiis it is possible' to (‘oii\( rt 
sul[)lmr dioxide' and tedlnrinm elioxide* into tlu' tiioxidts 

50., and while' tin' corre'spond inp; (‘oinjeoinid ot 

seh'iiiuni has not Ix'e'ii made'. A leewe'r e)xiel(' e)f siil- 
plnir, S./ ),,, anel a hij^lie'r e)ne‘ eef the* lornnila S.,( ). h:i\(‘ 
also hen'll niaele'. 'hhe' etieexieh'S elisseeUr in xvate-r, mid 
tVoni die'se' seelutioiis salts eef the' p;e'ne‘ral fonmila 31 S( ) , 

31.. 5e'(),„ and ^r.Te't).^ are' e)l»taine'el. The* tlieexieh' eef sill- 
])hm* elisseelve's in wate'r w itli ;_;ie'al e'vednlion ed' lie';il, 
I'eirmin^' e'oinpeennels S(()H),, ()S(()II),, and (),,S(()}I),. 

31 e )sl e >1’ t he* sa 1 1 s e d )tai ne'e I 1 i‘e nil th is se >1 lit ion a re' eh'i i \ I'd 
freiiii an aciel eef tli<' lonnnla, 1 1,,S( ),, anel Ihe'i-e'foi-e' tliis 
is <^n*n('rally e*alh‘e( sul [dm l ie- ae-ie I. Uy t |■l‘atin^• snl[diii ric 
ae'iel w ith re'iliie-int;' aj^e'iits of varieins kinels it e-an lie* cnii- 
vf'vte'el siice'e'ssi ve'ly into eethe'r ae-iels coiita ill i n<;‘ a siini I d'!' 
pro[)orlie)n eif e)X\';L(e'n; anel if the' re'dne-lion is jiiislu'd 
far e'lionj^li sniphnr anel li \ eire ij^e'ii sulphide' aie* eehtaimd. 
’^Jdie' limit of re'due-tion is re'aedii'el in hyelro;j;e'n snl])liid''; 
and, on the' otlu'r haml, if hyelro;j;('n sulphieh' is eexidi/' d 
the' limit of eixielatiem is re*a(*he'el in sulplmrie* aciel. Nk* 
inte'rnie'eliate' preielneds wllie-h have' hc'e'n iseilate'il :ii'‘ 
r('[)re'S(*nte'ed in the* feilhiwiiig talde*, liy the' siele* of w liit li 
for tlm sake' of (*om[)aris(m is jilaci'd tlu' similar se'i'u h 
of chlorim* ae-iels : 


H,S 

HCl 


IICIO 


HCIO. 


IICIO, 

II,SO. 

ticio, 
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In tli(' (‘lilorino sorios, liowevor, one nienil)er more is 
Known tlian in tln^ sulplinr s(*ri(^s. A remarkaljle fac*t 
lias not 3 et la'cn (‘\|)lain(Ml is tliat in (‘a(‘li of the 
,,i Jiiiniw' i’onns of tiie aci<1s, ])otli in tlie, eljloi’iiie stn ios 
;(/)(/ ill Hie sulphur si^i'ii's, tJu^ nunihrr n[ h vd i‘( >p<^n ntonis 
j's Hie same as in h \ (Iropi^n cojjipouiKi Throughout 
tJir nlj/orine si'i'ii's flnn'i* is hut one h\ (hopiui utoin iu 
tJi(' iiioh'cuh' Ihrouu^Jioul ili(^ sulfiliui' siwirs tliiWi' are 
[\V(i. 'I'his reh'i's only to Hiose i'oruis of tlio acid fi'oin 
uliicli most of the salts are (hnaNinl, and j)lainl\' not to 
siicli ('oinpou lids as ()S(()H)^ and which, as wii 

sli.ill s(‘(‘, ai-(‘ closi'lv relafi'd to snljiliiii'ic acid, just as 
()( 'll ( )l I ) , or TT CK), is closely ri'laled to pci cliloric acid. 
Till' nnmlx'r of coin|)onnds of sul|diur is increased by 
tilt' |m)W(M‘ tlie ('leinmit poss(‘ss(‘S of unitinjj; with itscdf, 
iiiucli as it do('S with oxygen. Alius tin' sulpliidcs Tale* 
ii|i sulphur and an' ('onyei'li'd into ])oI ysnl pli ides, and 
tin' limit of aidioii of this kind is a conpionnd of tin' 
cr.il formula i\l,,SSj. 'This sc'ib's is coiiiph'ti', the iiiem- 


bci's liaNing 

the 

composition 

r('[)r('S('nt('d in 

the follow- 

iiig table : 







AIS 

Ar,s 




M SS 





lAl.SS. 





Mgg 

M.so, 




T^ISS, 

ALSO,. 


t '"111 jiaring 

this 

with tin' serit's of oxygen 

componinls 


:m analogy is appari'iit, though the second and tliird 
iiieinhers of i\[o o\yg('n s(‘ries are lacking. Ain' limit is 
''■'lelu-d ill a compound of the saiiu' order in both seru's. 

Again, sulphur can tak<' tin' ])laci' of paid of tin' ox\- 
,-eii ill the oxygi'ii acids, ddiiis <-ompounds of tin' com- 
j"»Mtion re[)r('S{'nt('d by tin' following formulas are com 
' ' i valile : 

TT.,S()S or ll.S.O; 

Il^StbS or H,Sdb; 

H.,S()S., or 7T,,S,(); 

H’sO S or 

H,S(\S,or 

ir.sos, or n,s,(). 
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Of flioso (‘oiiipoiiiids only tlnit oiio wliicdi Inis ilio coin j)(». 
sitioji is known. This is tliiosulpluiric ncid or, ns 

it is soinotinn's callcMl, liyp()snl[)linr()ns acid. 

Otlun* c<)ni[)licati()Jis ala's occasioiUMl hy tlic conihiiiM- 
tiou of sulplinr witli siilplmr in some, of IIk; o\y^('n a< i(|,s 
above iih'idioned. In tliis way yirobalily is fornicd tin 
series rt'[)r('simt(Ml in the following table : 

Ditliionie acid, 

Tritiiionic “ ll.S 

T(‘trathionic* “ H,,S,()g 

lVnlathioni(‘ “ lh,S.( )^. 

AVliile th(' nnndxn- of compounds which su1])]nir foi in-: 
witli ]ivd)‘og(‘n and oxygim is com[);i rai iv(dy lai’g<', tin 
ladations bidwcaai (hem can he (rac('d ^^illIout smioie 
dillienity, and, s( ndiod in tho right w ay, they arc st i n 
to follow ('(‘vtain laws whi<-h goNanai llndr composition. 
Tln'se rc'latioiis will b(‘ diseiissc'd after tln^ main fact^ 
(•oiu'erniiig (In' principal eom[>omids haw* Ix't'Ji s(mli(Ml. 

ddie numlx'r of compounds w hieh si'h'iiinm and l('llie 
rinm foian wi(h liNalrogmi and oxygen is miicli smallni 
than in tin' cas<' of snlplinr, 'Tin' only ones known aii 
th(»s(' w hi(‘h ar(' analogous in com posi(i ( >11 (o sn I ph n o sie 
acid, 1 l.,S( ) , a ml sulphuric aei<l, ll,,S()y Ix'sidt's tlnsi, 
how(‘\(‘r, (lu'ia' are a lew <‘om])onn(ls known w hich enn- 
tain liydrogen, snlplinr, seh'iiinm, and oxygn'ii. Tin >1 
are closely ri'lafcd (o somr of (In* coniponnds of snlplnii 
with h\<li‘og<*n and owgiai, being (h'ri\«‘<l fiom (hem h\ 
the in( roductioii of si'h'niiim hu’ a. parf of (In' ow gcii. 

Snl[)hnr comhiin's wi(h (txvgx'ii and nn'inlx'rs of tin 
chloiain' group, and also w it h ( hes(' r'lenn'iils am! h viii o 
gi'ii. ddie siniplesi. compoiind of (his kind is (ha( w kii I 
has the ('omposidon S()(1,.. d'his is plainly analog 'll- 
to snlplinr dioxidi', from which it can lie made by siih 
stitnting two atoms (»f chlorine for one atom of oxygen in 
the inoh't'nle. W hih' this com[H)innl cannot unite direel l \ 
with inon* chlorine, a compound of tin', com|)osi!m>i 
can b(s inad<‘. This is in accordance with wli h 
W'(} should ('Xj)(u*t frrnn a consi(b‘i*a,tion of tlni comhmt 
of sulpliur towairds oxygen and towards chlorine ]’es| * c- 
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tivc'ly. Witli oxygon it forms a. stable (‘ompouiid, S()„ 
^vliil(‘ tlie limit of (‘oml)imition with oliloriiie is roaohoil 
\u tin' (‘om])oun(l S('l,, and even tliis is very unstable. 
Vs we eomnuady say, sulpliui* is sexivalent towards 
()X\<'('n and (piadii valent towards eldorim*. Towards 
liolli togetlnu* it is also sexivahmt, as show n in tln^ eom- 
poiiiid SO., tliough th(‘ eomponiid SOOl^ does not 
Jnst as tlu' simple eomponnds ot sulphur and 
cliloriiK' ar(' (h'ooiipx ► scmI r('a<lily by wat(n‘, forming oxy- 
.•VII (■()in[)oniids, so tln'S^^ mi\(‘d e()nipounds eontaiiiiiig 
and ehlofine art' also i’eadily deeomposed by 
Th(^ (h'eoni]M)sition aj)]M‘ars to takt' plaet' as 
i\'|ii'eseided in tin' following ('([nations : 


SO 


S( ), 


(1 , noil 
( I > noil 

(1 , non 
(1 ‘lion 


S( ) < 


S( ) 


OH 

OH 

Oil 

OH 


t>n(dl ; 


^ 11 ( 1 . 


Ill th(' tiJ’st ease, tin' prodnet t’ornn'd brt'aks down into 
siilplinr dio\id(' and wab'i', s<( that tin' main action is 
rc[)i('S('id('d thus : 

S()<J'.| + ICO ■ so, ! ‘ilU’l, 

Mild the ohang(' t In'Vt'foiM' ('onsisis in snbsiitnting one 
mIciii of oxygt'ii for tin' two aloiiis ot chloriiK'. ^1 1 is 
;iii;i 1( )g( )us to tin' ti'a nslormation of sul[diur Lt'trachlorule 
into snl[dinr dioxidt' : 

s(d, ! t>n,o S(v, i 111 ( 1 . 

As tht'si' niixi'd ddoridi's and oxith's are rt'adily (‘oii- 
\oii(d into tin' corrt'sponding acids \)\ tri'atnn'iit with 
'Vitor, th('N’ ;i]M' fr('(| iK'iitly spoken ot as tin' chhu'Kfrs o/ 
tli( iirufs^ or tin' (K'lfl chlot'hlrs. I»('tw('('n tln'in and tin' 
riilrs^ oi- acidic a.ridcs, tln'iM' is ])laiidy an analogy. 
tSulplmric Acid, HvSOi. 1 In' many salts ot snlpdinric 
‘‘nid can b(' Ix'st ('Xjdained on tin' assunijdion tlnd tin' 
ha Ills of sulphuric acid arc' (h'idvc'd lj*om a coin|)ound 
Sit til),, just as tin' salts of pc'riodic acid can bc' best (‘X- 
I'laiiK'd on the assumption of a fundamc'ntal com])ound, 
lit)!!),. As the latter is aiWcd nnr)naJ jHa'iodic ((cid, sn 
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tlie t'oriiior is ci\Wo(V n(yr)nalsuli}hurlc arid. From iioriiinl 
siilpliurir bv siu'cossivo loss(‘s of wjiter <‘U'o foriiKtl 

tlu' (‘ompoumis if^SO,,, 11., SO,, und SO,,: 

S(Oll),. r_ 0S(0]l ). + HO; 

OSiOll), - 0,,S(0Hp + 11./) ; 

0,H/)11 ), ^ O S -I II/). 

ANdiilo tlu'S(‘ compoumls ;iri‘ all Uiiowii, tla' salts of siu 
phiiric acid ai’(‘ tor tin' m(>st part (lcri\t’d Iroiri tla^ anil 
contaiid lit;' two hvdroj_;r'ii at(»ms, vi/., t ),,S( ( )H In soim 
salts two of tln‘ li vdro‘;«ni atoms in n(»rmal snl])1i ii tie 
acid ar(' r('plac(>d bv metals, tin* otlici-s lamia in i nt;'. Salts 
of tli(‘ |L;'cm'ral formnia Si ( ) H >,< ( )1\1 a rc thus loniicil, 
riicS(‘ art' ii;<nn‘rall\ laa] nc'scndial as containing;' Iw" 

niobandcs of* w a bn < )f ('IN si a lliza t ion, t li ns: M,S(), | liHO, 
l\i d(‘cidc bc'lwaam tin' two views is at pia'sc'id iniims- 
sibl('. In tin' first ])lac<', tin' ([in'stion as to tin* naliiiv 
of w ater of cr\ stalli/.ation must be a nsw ('I'c'd bt'loiv it 
can l>e sai<l wln'tln'f tln'i'e is anv coiitlicd b('tw('('n lb' 
two \'i(‘ws. As lar as the assnniption ()t inn'inal siii- 
j)hnric acid is c'( )nc('rin'd, it can oiilv be said that siiiiil;ii 
assum])tioiis in tin* cas(' ol iodiin' and in that i>l plieS' 
phorns seem t() be well loiiinh'd, and, altln)np,h d would 
b(‘ dilficnlt to furnish proot positive' ot tin' r('alit_v ot tin 
relations, the aln)\(' sno^estion is bv tar tin' simpl'^t 
which has b<‘(‘n nnnh', and it is ot i;r(‘al assistant a m 
(h'aliiiL;- with tin* aciti th'ri vali vt's t)l Iht' ('h'nn'iit^ 
Faiiiilit's \ 1 I , \ 1 , \ , and I \ . 

For tin* sci(*nc<' as wa*!! as for lln* art ot cln'inisti) 
snlphnri(‘ aciti is of fn in la nn'n ta I i niportanct'. b 
list'd daiU' in <'V<*rv cln*mical laborattnw' anti in c\i r\ 
cln'inical facti>rv, and in soiin* of tin* nn>st ini]iort.iii> 
brancht's of cheiidcal indnstrv t'liorinons (piantitii" 'd 
it art* nsetl. In ct iiist't pit'iict* ol tin* lai'ot' dt'inantl Ici 
the aciti tin* jiroct'ss used in jirt'parino- it, lias Ihcii 
stndit'd with pleat cart*, and it has rt'acht'tl a. hipli si it" 
of [it'rfectioii. As it fiirnisb<‘S an <*\c('lleid, ('xanipf 
the jipplit'atitms of tin* facts of scit'iice to tin* Imilf 
np t)f an industry, it will lx*, studit'd with sonn*. dt'prtM el 
fulntiss. 
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Siil|)liuru* ru‘i(l lias know n foi- a long tiino. It; 

^^;ls nnulo ill tho ('ightiMniili cnnlui v 1>\ iinaling ralrincd 
iron vitriol (iViTons snljiliatn, ^'(‘S(),) witli sand, and 
\\;is li(nu'(‘ (*all('d oil <jf vlf rittJ , n name wliicli still sur- 
It was also pr(‘|)ar('(l l)\ trc'ating sni |)li n r with 
sallpnter (potassium nitrate*, KNO, ). 'I'ln* acid was lirst 
liivjtare'd on tlu3 large* scale* in Kngland with the* use* of 
i-oiii |)arati ve*l_v large* chamhe'TS lincel with le*a<l. It was 
kiiowii as kmglisli sulpliurie* ae-iel, ami is still e‘alle*d ley 
this name*. 

Sul])liurie‘ ae-id e)e‘e*urs in nature* in the* form oi salts or 
sulphates, such as cahhum sulphatt* or gvpsum, harium 
siilpliate* or he*av_\ spar, ami otlu>rs. Although thest* 
salts oea’Ui' ill large* epiantit\', the* aciel is not oht.aincd 
from the'iu, as tln'i’ea is no e*ce)nomical wa v of suhstitnting 
li\ilia»g(*n for the* me'tah ^I’lie* j ue* pa I'a.I.ioii •»! the* acid hy 
till* suhstitntion eaf hyelroge*n fe)r thee e*a,h*ium in aak-ium 
Siilpliate*, (\aS( )^, sugge*sts itse*lf, hut this cannot he* e*asily 
(*tl'ccte*(l ])\ aiiN suhstam-e* availahh* in epiantity. TTydro- 
e*li1orie‘ ami nitrie* aciels ai‘e* made* Irom the*ir srdts w hich 
(fi-ciir in natuia*, tin* humn'r, as we* have* se‘e*n, from 
soiliiim e'hleerieh*, Xa(1, the* latt i*r . fre em salt])e*tcr eu' [)o- 
tassium nitrate, KN(I,, hy tre*ating with sul[>hurie* aeuel. 
Tii(‘re* is, howe‘ve*r, ne» aciel w hie-h ae-lsnpe)n the* sul])hate*s 
as snl])huric acid aehs u[)e)n e'hloride'S, nitrate's, ami many 
cllie'r salts. 

The* inanu fae'tu I’e* e)t sul])hurie- ae*iel IS hase'el upon the* 
two fuiie lame*ntal faels that (ll w he*n sulphur is hurne*el 
it is (‘onve*rte*el iute) suljehur elie)\ide*, S( ; ami ) Avhe*n 
siiljtliui' elioxiele* is tre*ate‘el with an eexidi/.ing age*nt in the*, 
])l eSe'lH'e* e)f wate*)' it is e-e ni Ve'Cte'e! inte) snlpliuiie' aciel: 

so., + IT .O ! 1) H ,S(), ; e)r 

so., 1 11.0 H .so., ; and 

H,SO., + O H.S<>,. 

The* chie*f elitlicultN' is, eef ceeill’se*, e‘X[)e*l'ie*lu*e*el ill e'tlcct- 
iiig tile* oxielatiem e)f the* suljehurous ae-iel. It is ae'ceim- 
plisln'el hy intreeelucing the* gas, sul[)hnr elieexiele*, inte) 
I clianihe'rs te)ge*t1ie'r with cennpeunnls eif nitreige^n 
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;iiid ()xyL(oii, iind st(\-iin. Tliiit Avliicli pinys IIha (‘Im; t 
]);irt ill rilV'ciiiig tli(> tniiisfoi-innlioii a. of i], 

two (txi(]('s TsO and NO,,. This a(*ts lil;o Uh' trioxidc. 
N’d ),, and it aiay ropvc'st'nliMl by this f( )i iii u 1 ;,. 

Tiist(‘atl of st:irlin;j; wilh tlio irioxidi', nitib* ncid is li^cii 
in tlio inamifact Ill'll of snlpliuric acid, d’his ;d tiib 
naicds Avil li sulpliuf dioxide iiiid steam, as rejifi'scaited ju 
tlie equation 

2HNO, 1 2S( b 1 ILO . 211S( )^ ( N,0,. 

Afti'r this the main rraetions ar(' ( 1 ) tlie fi)i-n)ation uf ;i 
eompoiiud of i In' l‘( )rm ii la S( ) , calh'd it if rosz/l-'inl . 

licit/: and ('!) (he decom posit ion of the nitros\l- 
sul[)hm'ie aeiil lo wati'f. 'I'ln'sc' I'c'aclifins ao' ix'pii 
seiitedi ill th(' two (‘([nations f< d h ►w in,i;’ ; 


oso -|-N () -fO i- ll ()_ 2S()j()ll)(N():); 


no 2SO : 


ddie nitloyi'n tidnxide fonm'd in (In' second I'l'iict i( H: 
Ihon ;iu:iin eidoi's into cond d nat ion with sulphur dioddt . 
ox y ye 11 , and w ater to foiuii nit ros \ 1-su 1 phn rie a(dd, w liirii 
ayain midery(» 'S deeom po^.i i ion with wati'r. It will 1" 
si'cii, theixdore, that tin- tiioxnlo i>> in*t lest, hut lli.M 
ij s : 1 1 1 p I \ s( ‘r \ os the pu r pose lit ( dioet i I ly the ox id a t n * 1 1 "! 
the* sulphur dioxide, and, theor('t iea 1 ly , a small (juaiili!^ 
of the yas slioiild he c:ip;d)h^ ( d‘ t ra li-^foiini iiy an iiileah^ 
([uantity of sulphur di(»xide into sidphuric acid. 

()ther li'aetnuis hesnles tln)Se nieiilnuH'd ah()\e .O' 
undouht('dly in\(d\('d in tin' manufacture of sulpluuii 
acid, hut, accordiny to tin' most ('lahorati' I’eseaicl!' - 
made on tin' suhj('('t in a factoiw in op<'iation, the • 
UK'iitioned all' tin' principal oin's. \\l)ate\('i' thi' det.iih' 
ma\^ he, the oxidation is (‘riecti'd without dilViculty, ;ii:d 
till' waste in nitroyi n compounds is now Imt sliyht. 

The la'act ions, as lias Ix'i'ii said, art* cari ii'd on in ho ; '' 
(diaaul)ers lim'd with lead, and known as the h ad' 
(diamhers. dMie sulphur is Imnu'd in a s[)(n'ial turn a > 
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Tlio sulpliur dioxide passes tlirougli tlie large tulx- ^ 
into tlie tower Gy called the (Uover tower. This is lilii d 
from d to c Avith pieces of lire-brick over which from tl.(> 
cistern h a continual stream of dilute sulphuric, arid 
hows. The gases are thus cooled ihjwn and the arid 
concentrated. TTom a second cistern there iloAvs at Ihr 
same time concentrated sulpliuric acid from the tout r 
G\ or the Gaj Jaissac towcu*. This stronger acid ( on- 
tains oxides of nitrogen in combination, and by contact 
Avith the dilute acid the oxhh‘S are set free* and arc' tlnis 
mixed with the sulphur dioxide*. The nitric acid is in- 
troduced into tin* lirst cha.nib<*r, ^SO. 1, in tlie foi in (.[‘ 
A’apor, togedher with the oxidi‘s of nitrog».*n and snlplmr 
dioxidi', aiul hen* also tin* gase*s nn^et a\ itli water vapni'. 
The naictions above rc'fern'd to now take place*. Idoni 
the lirst chamlx'r tin* gase*s pass through the ]>i])e* r into 
the se‘conel, treun this intee the* thirel at /r, and tinnllv, 
in eirder to ])re*ve‘nt the* e‘scap(‘ eif any nnnse*d oxides 
eif nitre)ge*n, tin* gase*s are* ))asse*ei tlirougli the* (hiv 
laissac te)we*r (G, 'Fliis (Mintains ee>ke* e>\(‘r wliie li is 
k(*pt tloAving e'e)nee‘ntiale‘el sul])hurie* acid whie*h take s up 
the* e>xiele*s e)f nitroge'ii auel will give* the*in up again wlie ii 
elilute‘el. Tdiis lilx'ratieui eif the; e)xiele*s of nitreegeui is 
aei'emiplisheel, as has be*e*n saiel, in the* (lle)ve*r towe r. 
The concentrate'el ae*iel ce)llee'te‘el at the beittom eil' llie^ 
(Ih)ver toAver is Ave*ll aelapte*el for use* in the Gay Lussuv 
te)A\ e*r. The h*aele‘n e-hajnbe*rs in some fae-ten ie‘s a if 
nearly 100 fe*e*t long, IS tei ‘10 feet broad, and 15 h i t 
high. 

The* acid take*n freoin the* e'handiers ceintains about et 
])e*r e‘e*nt of the, e'e»m])e)unel H.,S( ),, and has the spe'e itl'' 
giavity 1.5. This is (n’a])eu‘ateel first in leael ])ans until 
it ie*a(*hes the sjiecifier giavity 1.75. As stremge*)- ;e i'l 
aeds upon leael, the* e*,va|)e)i-ation b('>T)nel this peeiid 
carried on in ])latinum, glass, or iron. The streuig ai il 
thus obtained, whhdi has a s[)(‘.citic gravity eit aliout 
is the concenti'ateel sul^diuric aciel of comnn*rce. 

Instead of sulphur, ireiu pyrites is now exteiisivi ly 
used for the preparatiem of sulphur dhixide in tln^ manu- 
facture of sulphuric acid. This is a e.*ompound of ioau 
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jiiid sulphur of tlio c<)ui[)osition Wlieii it is lieah'd 

ill (.‘outact with the air it is couverted into tlie oxide, and 
tiu^ sulphur passes oil’ in tlu^ form of sulphur dioxide. 
If tlu> sulphide used contains s(‘h'nides the selenium 
(li()xi(h‘ formed in the roasting prota^ss is carried into 
tli(^ lim'S, and is there deposited witli tlie Hue-dust, as 
\v;is stattal in sp(‘al\ing of the sourc(‘ of seleninm. 

('oinnun’cial snl[)huric acid is an oily li(piid, usually 
somewhat coloied !>>' impurities, ddu' nature of tlu‘ 
impurities is d(‘p(mdent upon tin* s\d)stanc('s used in tlu^ 
jiiamifacture and ujxm iln‘ conditions. It oftcm con- 
i;iins some haid sulphate in solution, and when it is 
(lilul('d with watei- this s(‘parat<‘s, giving the liipiid a. 
molt' or less (doudy appearamaa l>y standing, how(‘V(U*, 
tli(‘ 1i([uid laa'omes ch‘ar, as th(‘ haul sulphate colhads 
at th(' bottom. h’or obvious laaasojis, sonu' o\id( s of 
iiitrogxm ai'e also gameially pr(‘smd. Among otlnu’ im- 
])miti('S frcajumdly nud with in tln^ (a)mnHM*(dal acid aia* 
arsenic froiii tin/ pyrit(‘S, and a litth* sehmiiim. 

Pure Sulphuric Acid is made Irom tln^ com Jinuadal atdd 
l)v t leading it with such substama^s as will remove the 
()\i(h'S (d‘ nitrogen ami arsimic, and by distilling. It is 
a coloivless licpiid at the oidijiary t(‘m])(uat uiaa ddie 
])!! I acrid gxuuu’all N' ma(h‘ has about th(‘ same comauitra- 
tioii as th(' comiiK'rcdal crude' aedd. I>y tahing s[)('cial }>re- 
ciiiitions ill the distillation a prodmd, having very nearly 
the composition H.,S( )^ (am be obtaimal. This is a thick, 
(‘h'ar licpiid of sjaadtic giaivity l.SoT at (f . \\ lum coohal 

down to a low temperatui-i' it forms large crystals which 
melt at lO ’.u. A\du‘n heated it gives otV sonu' sul])hur 
trioxide in conseepienco of partial decomposition into 
this substance and wat(U’ : 

H,80, =:= 11/) + 8O3. 

It tinally boils, however^ at the tmnjierature 838°, and 
th(' distillate has the composition represented by the 
formula Heated somewhat aliove its 

boiling point it is completely deconnuised into sulphur 
ti ioxide and water, according to the above ecpiatiiui. If 
fho heating is carried to a higher temperature the sul- 



210 


iNomfA MC (jiiEynsTH r. 


phur trioxide breaks down into snl 2 )liiu‘ dioxide and 
oxygen. 

Sul|diurie aeid lias a sirong tendeney to absorl) walin', 
and to form eompounds witli it. In consiMpimu'e of tli*^ 
formation of thes(‘ eompounds a. great dmil of heat is 
evolved when snljiliurie arid is niixml with water. ()iu‘ 
moleenle of snlplinrie aeid wlimi mixed with about lllOO 
niolemiles of water gives 17,^50 eal. Among tin' eone 
pounds thus formed ari' the so-ealh'd hydrates of tlit' 
eom|)osition H,,S(),-| Ih.O, and f 211./), whiili 

should jirobably bi' ri'garded as having the eonstitntien 
()8(()H), and S(()1J ),, 

So strong is tin' tmidmiey of the aeid to (*oinbine with 
the elements of wati'r that it abstracts them in the pro- 
portions to form water from many organic substaiiei's. 
Thus a pii'Ci'- of wood [ilaeed in snlplinrie- aeid soon 
turns black aiid is eomph'tely disinti'grated. The cause 
of this is to b(‘ found in tin', fact that wood consists 
I'ssentially of earlion, hydrogi'ig and oxygen ; and tin! 
sulphuric aeid abstracts tin* hydrogen and oxygen, 
h'aving the carbon mainly in tin* uncombined stnle. 
Siniilaid V it alistracts inoisturi* from gasi's, and it is used 
extensivi'ly in the, laboratory for this purjiosi'. In i‘ou- 
tact with tin* skin it acts as upon wood, causing wounds 
which are painful and ditVnmlt to heal. 

Sulphnrii' aciil is what is calhel a. strong acid, a tm ni 
which needs further I'xplanat ion, ainl tin* subji'ct of lli'‘ 
ri'hitivi' strengths of acids will In' discussi'd in diu' time. 
As used hen*, it means simply that tin* acid has the 
])ower to decompose tin! salts of most other acids, aje 
propriating tin; metals and sidling tin* other acids tree. 
This is illustrated by the formation of hydrochloric and 
nitiic acids by treating sodium chloride and potassima 
nitrate resjiectivi'ly with sulphuric a,cid. We shall s('e, 
however, that the faid, that sul[)huric acid d(!comnoses 
the salts of hydrochloric, and nitric acids does not pi"ve 
that it is a stronger acid than they are. Thi're are otln i* 
facts besides the strengths of the acids which deterninin 
whether such decompositions take place or not. 

Sulphuric acid gives up its oxygen to other substam 



SULPJIUniC ACID. 


2 \: 

roiiipiivativnly easily, and is generally reduced to sul- 
|)l!iuous acid wliicli is decompos(‘d into sulpliur dioxides 
jiiid water. Tims liydrogen sulpliide. and ]iydrol)roniie 
acid botli act it, as we liav«‘. stnui ; the products 1 ) 0 - 

iii^S ill the foiiiiei’ cas(', sulphur dioxid(‘, water, and sul- 
pliur; in the latter, suliihur dioxhh^, water, and bromine: 

H,S0, + H.S ^ 2H..( ) 4- SO„ + S ; 

+ ‘2H13r rr. 2H,( > i 80, + Br,. 


(kuierally, in acting upon metals it forms tlie correspond- 
ing salt and hydrogim is given oil*, but if the temperature 
is high and the acid concentrated the hydrogen acts 
upon the acid, reducing it. Thus, in making hydrogen 
hy treating zinc with sulphuric acid, if the acid is dilute 
and is kept cool the ri'action takes place in the simplest 
way ; but if the acid is concentrated and is allowed to 
get hot some hydrogen suljihide is always formed. 
(Jopper does not act upon sulphuric acid a-t ordinary 
temperatures. If it is tnnited with concmitrated sul- 
phuric acid, sul{)hur dioxide is the chief reduction- 
pvoiluct. Even fri'c hydrogen if jiassed into sulphuric 
ncid heated to KiO'^ rmluct^s it, forming sulphur dioxide. 

coiiijdete reduedion of sulphuric acid to sulphur and 
hv. Irogmi sulj)hi(h‘ is biniutifullv shown by the aetion of 
hydriodic e.cid. As was stated in s])eaking of the action 
o[ snlj)]inric acid upon [lotassinm iodide, four ri'actions 
limy take place wlnui these substanci's act upon eacli 
other. They are represented by the eipiations 

2KT + II, SO, X .SO, H 2HI ; 

H.80, f 2111 r . 2H,.0 4 80, + 21 ; 

11,80, 4- ()HI :::=: IH,0 1 8 ~\- ] 

H,80, 4- 8HI IH,0 f I [,8 [ 

Carbon and sulphur also act upon sulphuric acid and 
|<'duce it to suljiliur dioxide. AVitli sulphur the action 
I'eprescnted thus : 


2H,S0, 4- S = 380, 4- 2H,0. 
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Siilpliuric acid is a dibasic acid (see p. 138) and foims 
two series of sj^ts, normal salts of tlio general lorniula 
M^SO^ and acid salts of tlie formula MHSO,. The sub 
]_>liates are very stable', salts. Those of the strong* st 
bases are not decomposed by the highc'st heat. Those' of 
^veaker bases break down, giving up sulphur trioxuh' ; oi 
if the decomposition takes place at a temperatnre abov*' 
that at Avhich sulphur trioxide l)r(‘aks down, this d*'- 
composes into sulphur dioxide and oxygen. 

Tetrahydroxyl-Sulphuric Acid, OS(OII)o~ This com- 
pound has already be'cn re^ho real to as lading l(>rni(‘d Ify 
the addition of watc'r to oi'dinary sulj)hnric acid. Jl is 
a crystallized compound which nndts at 1 S)\ No salts 
of this acid arc known, or, ratlu'r, no salts deuived from 
it by the re'placenu'iit of all the hydrogem l>y nudal 
known. Only two of tin' hydi-ogen atoms apjxai)- to h*' 
replaceable. This compound is genn'rally r('])r<‘S(Mit('(l 
by the formula H.,S(), -j H^O, and called a hydrate'. 

Normal Sulphuric Acid, S(OH).u -'^riiis is (‘ommoiilv 
roprt'sente'd hy tin* formula TT.,S( | and, like* tlic 

preceding compound, regarded as a liydrate. It appexirs 
to be formed by the action of wabu- on sul[)hnric aritl. 
On mixing snlphui’ic, at*id and wat<.'i’ lln^ maximum con- 
traction takt'S j)lac«^ avIu'ii tin* quantities jn*c(*ssary to 
foi'in this compound are bi’onght tog(*th('r, and tln'ie aie 
othei' good reasons foi’ ln*li('ving that tin* compouial 
exists in the solution. It is not a solid like tln^ p»a- 
ceding (‘omponnd. Idie acid forms no salts bearing sini' 
ph* relations tt) it. There are sonn* salts known, how- 
ev(*r, which a[)p(*ar to Ix^ related to it, as, for exami'lr, 
tin; salt Jv., HS^O„ and s(mn; others similar to it. Ik'' 
acid from which these salts are derived is believed to h(‘ 
fornu'd from the normal acid by elimination of water, as 
represented l)elow : 

roll IIOI 

no>A oil + ilo b<0H = aiO).os<g>so(on). + 4ii,<> 
[oil HoJ 

An acid formed in this way would have the formula- 
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H KgHS^Oe is the tertiary potassium 

^;jt of this acid. 

Disulphuric Acid, Pyrosulphuric Acid, HaSaOT. — This 
compound, Avhich is also known by the names fninimj 
sulphnric acid and Nordhautivii ,sulp]iarw acid, is closely 
rein ted to ordinary sulphuric acid, and is made from it 
bv treating it with sulphur trioxide, the two combining 
directly, as represented thus: 

H,S(), -1- 8 O 3 = 

It is made by distilling ferrous sulphate which is not 
p(‘rfectly dry 

dFeSO, + H/) ::r. 2¥e,0, f- 280, + H,8,0,. 

A so-calhal solid s?(lpli?rric acid is ]iow manufactured by 
:i process which will be rebu’red to under 8 ulphur Triox- 
ide. It is ess(‘ntially disnl])huric acid. 

I)isul[)huric acid, as it is found in the marked, is gen- 
erally a tliick li([uid which gives off dense fumes when 
exposed to tlie air, and bre^aks down completely into sul- 
plmr trioxide and sulphuric acid wlnm heated. When 
piiu' it crystallizes in large crystals which melt at 35'k 

It is helic'ved that the reflation betwc'en disulphuric 
acid and ordinary sulphuric acid should be expressed by 
tlies(‘ formulas : 


OS' 


AYR 

Oil 


, no. _ 


'O 




\()H HO 


:so, + He. 


Or tli(^ formula of the acid may be written thus : 


0,8-0H 

I 

O 

0.,1>-0H. 


^ In’s relation is similar to that Ixdieved to exist between 
die normal acid 8(OH)„ and the acid H,8,0^ (see p). 218). 
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Disulpliuric acid forms normal salts of tlie goner al foiv 
mula M, 8 ,(), and acid salts of the general formnlH 
MHS,,0,. Wlien heated the norihal sails break down, 
yielding ordinary sulphates and snlphur trioxide : 

M,S,0, -- MJSO, + 8 O 3 . 

When an acid sulphate like KHSO, is heated to a 
suthcieiitly high temperature it breaks down into water 
and a disulphate : 

‘2KK8(b == K,S.A + H,0. 

Sulphurous Acid, H.SO 3 .— While no acid of the formula 
H,H 03 is known in tin*, free condition, a large number ot 
salts w^hich are derived from tliis acid are known. '1 liev 
ar(i made by treating a water solution of sulphur dioxi.b 
with bas(‘s,*and theiad’ore it is ludievcHl that the solulicii 
contains the acid which is formed by the action of sul|)liui 
dioxide on water, thus : 

SO, 1 Hp =::: 11,80,. 

It is, however, so unst;d)le. that it breaks down into the 
dioxide and water at (uauT attempt to isohite. it. ddie 
dioxide, as has be(m stated and as will be. shown inon' 
fully, is formed by the bundng of suljdiur and bv tlir 
reduction of sul])huric a.eid. The acid forms a niimiHi 
of unstable hydrate's, apparently of eom])licate'd (oiii- 
])()sition. Owing to their gn'at instability, however, tlw 
investigation of these? substances is extreunely ditVaiilt 
and uiisatisfactory. 

Sulphurous acid lake's up e)\ygen reaelily and is 
triinslorinml into sulphuric nchl. It is only iKH'cssnn t" 
allow.i sulutiou to stiiiul for a time to liiid that the "ilni 
of the gas elisappears ami that sul])hurie? a,e*id is then 
present in the sedutiem. 8 ulphure)us acid is fre'tim iit 
used in the laborate>ry as a re'ducing agent. Its acli'>'i m 
this way has lieen illustrate?el in the? medhexl foi ^pi . 
traction of selenium from seh'iiious acid (see p. 20 d). 
reaction in this case is represented thus : 
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H,Se03 + 280.3 + H^O =::= 8o + 2H38O, ; or 
H^SeO^ + 2H,803 - 80 } 211.380, + II.3O. 


Another illustration of its power as a reducing agent is 
hIiowu in its action upon iodic acid. AVlnui it is added 
to a solution containing iodic acid, HIO3, iodine separates, 
tlie I’oaotion taking place in accordance with the follow- 
ing e([uation : 

2HIO3 + 5H38O3 rr. H3O + 5H38O, + I,. 

If sulphurous acid is atlded to the liquid in which the 
iodine is susx)ended furtlnu* aetion takes place, the iodine 
l)('iijg reduced to hydriodic acid, thus : 

H.38O3 + H.3O H I3 H38O, + 2111. 

Tliis nnaction tak(‘s phice only in dilute solution, (km- 
centrated sulphuric acid acts u])on hydriodic acid and is 
I’i'dueed by it, as we have seem. Towards some sub- 
staii(‘('s sult)hurous acid acts as an oxidizing agent, and 
is its(df reduced to lower forms, as hyposulphurous acid, 
11 , and hydrogen sid|)Idde. This has Ixuvn illustrated 
in tln^ action of hydriodic acid upon sulphuric acid. It 
is also illusti‘at(‘d in tin' action of zinc ut)on sul])hurous 
arid in the presence of hydrochloric acid, wlnm this re- 
artioii takes ])lace : 

:i/in + bllCl I 11.3803 :VAuC], + :ih.3() + 

Treated with zinc alone the acid sodium salt, NaH 80 ,, 
is I'tMluced as shown in the following eipiation, a Salt of 
liyposulphurous acid, 1138.30^, being I’ormed : 

f INaII 80 , ^ ZuSO, + ^^803 + Na^S^O, + 2 ilXX 

^nlphurous acid wlnm heated in a sealed tube breaks 
down into sulphuric acid and sulphur : 

3H,8()3 2 H. 38 O, ] - H^O + 8 . 

ITiis kind of decomposition is also characteristic of the 
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salts of the acid with the alkali metals, as, for exaniplo^ 
sodium sulphite : 

4Na,803 = 3 Na,HO, + Na,S. 

In fact, whenever an alkali salt of any ()f the oxy^^cii 
acids of sulphur is heated the tendency is towards the* 
formation of tlie sulphate, all the oxyj^en in the salt 
going to form sulpliate ; and the otlnn* elements in ss 
of what may be neeiled for tjie sulpliate arranging tlK in- 
selves in other forms. 

Just as the sulphites take up oxygen to form sul- 
phates, they also take u]i sulphur to form thiosul[)l):di's. 
The two reactions apjiear to perfectly analogous : 

Na,S(h + () r..-:Na,S(h; 

^ — Na.^S.,(),j (or Na.^ 80 ,, 8 ). 

Sulphurous acid forms two series of salts, the noniial 
sulphites of the general formula. l\r„S()a, and tlu', aciil 
sul})hites of th(^ general formula MHSO,. ddiese ar(' iiu- 
stable, though not as markedly so as tin) acid itsolf. 
AVlnm treated with most acids they are decom post'd, 
yu^ldiug sulphur dioxide iustiuad of sul])hurous acid. 
The decomposition of sodium sulphite with hydrocldoric 
acid is represented by the (H[ nation 

Na,S(), \ 2HC\ ‘ 2 NaCl + IT ,0 + SO, ; 
with sulp)huric acid thus : 

Na,S()3 1 H,S(), ^ Na,SO^ + II^O + SO,. 

The suljdiites, like sul])hurous aeid, combine ri addy 
with oxygim, tcuiding to jiass over into the sulphates, and, 
as has been remarked, tlnyv also tend to unite witli sal- 
phur to form the thiosul]diat<‘S. 

Hyposulphurous Acid, H2SV1O4. Jdiis acid is alsoealh'l 
hydrosulphurous acid, but the name hy])osul])hin eu^ 
a(dd is more in accordama* with the nommiclature adopti d 
for the other acids, and is now })referred. But lhd»‘ 
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known of the compound. It is formed by reduction oi 
a salt of sulphurous acid by treating with zinc, when this 
reaction takes place : 

Zu + INailSO, = ZnSO, + Na,SO. + Na,S,0. + 2H,0. 

The free acid cannot be obtained from this sodium salt, 
and iiotAvitlistaudiug the fact that it has been the subject 
of a number of elaboratci investigations tlnnai is still 
some doubt as to tlie composition of the salt, tlio dis- 
C()verer still claiming that it has the com])osition repie- 
s(mt(al by the formula Na^SO,, according to which it is to 
ho r(Terr(Hl to an acid of the formula 

Hyposulphurous acid, like sul]>liurous acid, combines 
i(‘adily with oxygon, and passes first into sul])hurous .and 
thou into sulphuric acid. Its rtalucing action is stronger 
than that of sulphurous .acid. Tt is decomposed by 
standing in tlio air, yielding first thiosulj)huric acid. 
IT^S./fj, .and then sulphur dioxichg sulphur, and water. 

Hyposulphurous acid, so f.ar .as (•om[)osition is con- 
(‘enied, occii})ies a position Ixdween thiosulphuiic .acid, 
Ih^S.^Oy, and pyrosulphurons acid, which latter is 

i(hat(Ml to sul[)hurons acid in tlu!: same way' th.at disul- 
phiiric or pyrosulphuric acid, H.^S./ ), , is related to sul- 
plniric acid. The relations l)etweeu hyposuljaliiirous, 
thiosulphuric, and pyrosul|)liurous acids are shown in 
iho table below : 


H.AO.; 

Thiosulphuric Acid, HiS.Oa. — This acid was formerly, 
and is still by many, called hyposulphurous acid. Its 
formation, or the formation of its salts by the addition 
’T sulphur to the sulphites, has been mentioned, and the 
analogy between this reaction and that of the formation 
J^idphates by the addition of oxygen to sulphites has 
commented upon. It may be regarded as sulphuric 
acid ill which sulphur has boon substituted for one atom 
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of oxygGii, aud lienco tli0 namo tliiosulpliiiric jicid is 
appropriate, whereas the name hyposiilphurous .uid 
suggests at once a componnd similar to snl})hurous ac id, 
but containing less oxygen, and is therefore injippro. 
priate. Sodium thiosulphate is formed together witli tliB 
pentasulphide by the action of sulphur upon sodium 
hydroxide : 

GNaOH + 12S 2Na,S,+ Na,S,0, + 811,0. 


The sulphides of the alkali metals pass over into llie 
corresponding thiosulphates by the action of oxygen. 
Thus the pentasulphide is chang('d when (exposed to the 
air in aqueous solution. Tln^ action consists in a sub- 
stitution of three atoms of oxygen for three of sulphur ; 

Na,S, -1-80*=: NaXO, H ■ 8S. 


Sodium thiosulphate is formed, furtlier, by the axTion of 
iodine upon a mixture! of sodium sul 2 >hi(l(‘. and soiliuin 
sulphite : 


S< 


0,S< 


Na 
Na, 
Xa 
N a 


+ 21 ^ 


Sh 

o.s: 


/Na 


Na 


2NaI. 


Tli(' acid its(df is very unstable, breaking down into sul- 
phur dioxide, sulphur, and wabuMscu' p. 11)0). bvacidsits 
salts ar(^ (hscomposed in a similar way with (^volution el 
sul[)hui' dioxidr* and so])aration of sul[)hur, which a]>p'‘‘'*^ 
susp(m<l(‘d in tin* liquid in a very line, stab', of division. 
With hydrochloric, acid the decomposition takes plnce 
thus : 

Na,S,0, -f 2H(d 2Na(n | - SO., + S U/k 

When heated tlie thiosulphate of sodium V)reaks 
according to the rule stated in speaking of the decomp"' 
sition of the sul|)hite by heat. All the oxygen go' - t” 
the formation of the sulphate, and the elements h'ft 
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ill excess of wliat is required for tlie sulphate unite to 
foiTQ another compound, thus : 

4Na,8,0, 3Na,8(3, + Na.A- 

Other Acids of Sulphur. — Of tlie other acids of sulphur 
l»ut little need be said hero. As was stated on ])a^e 208, 
tliese acids form a series tlie members of which are closely 
rihited to one another. The series is Jis follows : 


Dithionic! acid, 

Trithionic acid, 

Tctrathionii*. acid, bbS,(h 

Pontaihionic acid, bl 38^,08 


Difhwnw Acid, or a salt of the acid, is made by ])assing 
sulplnu' dioxich^ into watcu- havin*^^ linely powdered maii- 
g;iii(‘se dioxide in suspension. This reaction takes place : 

MnO, + 280, Mii8,0,. 

The [)roduct is the manpjain'si' salt of dithionic acid, 
and from this otln'r salts can be ])repared. The lre(^ 
aiid breaks down readily into sulphuric acid and sulphur 
ili()xid(‘ : 

H,8,0.-H,80, + 80,. 

80 , too, when a salt (d the acid is lu'ated it breaks doAvn, 
forming a sulphate and sulphur dioxide : 

K3H0. + 

TritJdonic Acid, H, 8 /),,, or its potassium salt, is formed 
1),V Irt'ating a solution of acid potassium sulpliite, KH 8 O 3 , 
^vith “ilowers of sulphur,” wdien reaction takes place 
finis : 


GKHSO, + 28 == 2K,830, + K,8,03 + 3TI,0. 

When the dry potassium salt is heated it is de- 



220 


INOnOANIC CnEmSTRT. 


composed, yielding the sulphate, sulphur dioxide, ;itu 1 
sulphiir : 

kao.-k,so. + so., + s. 

Similarly, ■when treated with acids, decomposition talifs 
place with evolution of suli)hnr dioxide, separation of 
sulphur, and formation of sul[>huric acid: 

H,S,()„ H,S< ). -1- SO, + S. 

'Ti-hvthkmic .Ichl, n,S,()„, is made from salts of tliin, 
sulphuric acid hy treating them with iinliuc. thus with 
sodium thiosulpliate the reaction is 

•2Na,S,(), -f- ‘il = >;a,S,0. 4- ‘iNaT. 

'riie acid is moderately stat.h', so tliat a dilute solnticu 
Ciiu he boiled without nudergoiug decomposition. W hni 
the concentrated acid is heated, l,ow<.ver, it hieaks down 
into sulphurii' aeid, sulphur dioxide, amt sulphui . 

H,S.O„ --- l [,SO. + -I- 

Penlathionic Acid, H,S/)„, is formed by the action of 
hydrogen sulphide upioii ii solution of sulphur dioxicc m 

" Porsulphuric Acid, H,S,0„ is formed by dissolving the 
oxide S,0, in water, the oxide itself lioing formed hy 
subjecting a mixture of suliihur dioxide and oxygon to 
the silent disch.arge in an ozone tube (see, p. 8o). I " 
potassium salt of jKU'sulphuric acid is misily obt.iini d ' 
subjecting to clei'troly.sis a saturated solution <d' 
potassium sulplmte. 

Constitution of tho Acids of Sulphur. J he existin' 
of the oxide SO, and of tho iodide SI. seems to show Ilia 
sulphur is sexivalent towards oxygen and towards mdm'n 
Considering, further, the facts ])r(‘sentod under the lie" 
of Periodic, Acid (whhdi see), which can oidy be exphun' ' 
satisfactorily by the aid of the assumption that the dilli '- 
ent varieties of p(‘riodic, acid are derived from the "‘"'n 
acid I(OH)„ and the analogous facts presented undei • " 
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phiiric Acid, wliicli lend to tlie belief tliat tliis acid is de 
l ived from the normal acid 8(()H),,, the arguments in favor 
of tlic sGxivalence of sulphur in sulphuric acid are seen 
to 1)0 strong, though not co7Hdusiv(‘. On the other hand, if 
,sn][)]iar is sexivalent in sulphur trioxide and in sul])huri(' 
iicid, it is t]uadrivalent in sulphur dioxide and sul])hur 
ti'trachloride, and bivalent in hydrogen sulpliide and sul- 
phur dichloride. But if sulphur is sexivalent i]i sul- 
pliuric acid the eoiistitutioii of the acid must b(‘ ropri'- 


O 

11 

(uit(Hl by the formula H-O-S-O-H or S 

II 

O 


OH 
OH 
o ■ 

O 


Of 


course such a formula, as ihis involves the liypotliesis 
that when an oxygxm atom is eombiiu'd with only one 
oilier atom two vahmcc'S oj‘ nlVniitic^s :ivv brought into 
phiy, and in la'gard to tins we havt^ V(‘ry littN^ if any evi- 
(loiiee. It may b(^ said, howeviu-, that if oxygen whicli 
is tlius combined is r(‘])h‘ie(Ml by univahmi atoms its 
plaei' is always tak(m by two of tlu'se, indicating tliat 
wiiatevc'r tlie ])ow(‘r may be which holds the oxygen atom 
in combination, that sanui ])ower can hold two chlorine 
atoms, etc'., and it is coiivcudcmt to use the double' line' to 
indicate', the existe'uce of this jeowc'V. 

d im view expi’esseel by the above formula, in regarel to 
du' structure of sul])huric acid has been tested e'x:peri- 
nimitallv by methods whic'li )i])pear somewhat compli- 
e ated, but the })rinci[)le involved can be easily explaine'd. 
If the formula is correct, then both hydroxyl gre)U])s bear 
the' same relation to the sul])hur and so also do the two 
hydiogen atoms. AN hedhe'r one' or the other of these hy- 
drogen ateuns be replaced by anotlu'r atom or grou]) of 
atoms, the same ])roduct should rc'sult. Or, if one of the 
liydrogen atoms is replaced by one grou]) and the other 
i>y iinother group, it should make no ditlerence in which 
Older the two groups are introduced. The jiroduct should 
de the same in the two cases. Thus, suppose one liydro- 
geti atom is replaced by a group X, and the other by Y, 
die, product should be represented by the formula 
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o o 

li II 

Y-0-8-0-X in one case, and by X-O-S-O-Y in tho 

II 'I 

O O 

other case. But if the formuhi given for siilplniric acid 

is correct the two compounds are identical. By methods 
which involve the. use of ap})art*ntly com])lev oigaiiic 
compounds the two liydrogen atoms have b(.am thus re- 
placed by two dill'ereid. groups, first in one way and tlicii 
in the reverse order ; and the two products have Ixa ii 
found to be identical. Further, it has been showji that 
when the two hydroxvl groups of sulphuric jicid aie ic- 

placed by chlorine, forming the compound b-i ( I, and 

(O, 

the chlorine atoms then rejdaced by caodain groups oi‘ 
atoms, these grou])S ar(‘ in dii’ect (‘onibinalion witli sul- 
phur and not with oxyg(m. All the evidence ])oints to 
the conclusion that the view re])n'sent(Ml above is coircct. 

In attmnpting to detc'rmine the constitution of siil])liur- 
ous acid a new dillicultv aidses. Just as hydrogen which 
is in cond)ination with oxvg<m is r(^])lac('a()le by metals, 
or is acidic, so, also, is hv<lrog(ni whicdi is in combinalinii 
with sul])hur. It is possible, tlnuad’ore, to conccdvc^ of 
two arrangements of the atoms (tomposiug sulphurous 
acid, l)oth representing dil)asic acids. One of these ar- 
11 

I 

rangemeuts is this, O-H-O-H, in which tho sulphur is 

II 

O 

O 


II 

represented as sexivalent ; the other is this, H-0- S D-H, 
in which tho sul])hur is represented as cpnidri\ alcid. 
The facts that sul[)hurous acid is formed so readilv h.v 
sim[)lo contact of sulpliur dioxide with wahu’ ; tliat d 
brcuiks down as readily into sulj)hur dioxide and wa(< t * 
and that it takes up oxygen and sulphur so readilv h> 
form sul])huric and thiosulphuric adds, seem to s]>e:ik lu 
favor of the second of the above formulas. But, on I he 
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other Land, certain facts established in the study of the 
orgauic derivatives ot sulphurous acid form a strong ar- 
gument in favor of the lirst formula. It is possible ])y 
means of reactions with certain compounds of carbon to 
replace one of the metal atoms in a sulphite in such a way 

(11 

as to produce a compound of the formula ONa, the 

( O, 

conduct of which is such as to show that in it the group 
K is in direct conibhiatiou with sulphur. As the com- 
pound is formed apparently by direct re[)lacement of a 
sodium atom in tlie sulphite it a])pcars tliat this sodium 
atom was in combination with sulphur. Ihirtluir, when 
the second sodium is replaced by the group il a com- 
(R 

pound of the formula Sd OR is obtained, in which it 

(o, 

appears that one of the grotips is in (combination Avith 
sul})hur and the other with oxygen. Now, it is possible 

(Cl 

hy starting with the conipound Cl, Avhich is jnade, as 

(O 

we shall see, by replacing one oxygen atom of sul])huT 
dioxide by two chlorine atoms, to introduce in the ])la(*o 
of the two chlorine atoms two groups, OR, and thus ob- 

( OR 

tain the compound Hk OR, Avhich idainly has the saino 

(<) 1 j 

composition as the one represented by the formula 

^ ' 
b- ORj but it has a different constitutmn. It Avas found 

( 

I',' <'X]ioriniMit that the two I'oinpoiinds Imvo dift’ereiit 
]'i'<)])erties, and it seems probable, therefore, that tlie Iavo 
hnimilas given repi’esent the structure of the two (‘om- 
V'aiuds. As the one Avhich has one grou]) R in cond)ina- 
bon Avitli sulphur is obtained from sodium sulphite by 
O'pl.umment of sodium, the conclusion seems to lae justi- 
hcd that sulphurous acid has the constitution represented 
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H . 

by tlie formula Or:r^^=0 or s| 


O 

k 


H 

OH, which may also 


H 

written O^S < q jj. At the same time it appears quite ] m .s- 

sible that a sul 2 )hnr()us aeid of the other eoustitiition, 
( )H 

< ho found, its tliore are iuuumerahlo ( v- 

am[)l(‘s fiirjiisluid l)y ehemistiy of the existoiiee of rwd 
or more com})()Uiuls of tlu^ same 2)ercentagc com])osi(i()ii 
hut dilVereiit (*oiistitutiou. Two or more siihstaiu*(\s li;i\- 
iiijj; the same composition l)ut diflVu’ent c()iistitu(i()ii are 
said to be isomcric. AUhoug]i exauiples of isoiiK'iisin 
are rai'e amon^ the com])ouiids of most elements, vet 
among the compounds of carbon tln^y me met willi in 
large numbers, and in studying tliese conqxjunds a great 
deal of attention has Ixam ]>ai<l to tlui 2)henomena ol 
isomerism. It is ]>ossibl(; tliat the sc'cond foimi of siil- 
2 )hurous acid cannot exist on accoujit of the teunhmey of 
sul[)hur to act as a sr^xivahmt eliumuit. Tliis is, liow- 
eA'er, mere speculation, and, unhess tin' suggestion can ht' 
tested cxp{‘rimentally, it is of very little vabnn If sul- 
phurous acid has the constitution above assigiu'd to it 
then the transformation of sulphurous acid into sulj:)liiii‘ii‘ 
acid is not si7n])1y a direct coinbination of oxyge]i with 
sulpliur, but the act must involve a ])artial breaking down 
of the sul])liurous acid and a recombination of the con- 
btituents thus : 


O O 


H-O-S-Il + 0 ^ H^O-8-O-H. 


II 

O 


II 

o 


If this view is correct the oxygen displaces the hydrogen 
and then combines with it and the sulphur. 

If the action takes place in the same way with sulph'H 
it must be rejiresented thus : 
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O O 

H-O-S-H + B = II-O-S-S-H ; 

II II 

o o 

o 

II 

and, according to thin, tlie formula H-O-S-S-H repre- 

II 

O 

seiits tlio structuro of tliiosulpliuric- acid. Tlio same coii- 
cliisioii regarding the stnicture of tluosulpliurie acid is 
readied l)^ a consideration of one of the methods l)y 
\vliidi its sodium salt is made, ddiisis the metliod wliidi 
consists in treating a mixtinai of sodium sulphide and 
sodium sulphite ^vith iodine. Tin' iodine sim})ly eN.tracts 
two atoms of sodium from the two moh'cules, and it 
seems ])rol)ahle that tln^ residiu's of the two nndecuh'S 
iiuit(‘. If this is correct the following e([uation represents 
wliat takes place : 


s<^> 

^a 

Na + 21 = 

I 


0^ 


0::=8-()-Na 

l( 

o 


8-Na 

II 

() 


and the constitution of tliiosulphuric acid is represented 
S-H 

l\v tli(‘ formula () -S-(.)-il, which is identical with that 
II 

() 

five'll above, ddiis latter jnetliod, however, it sliould be 
lemarked, might also bo used as an argument iu favor of 
H 

di(‘ (‘oiistitution 0=S-()'S-H for thiosulphurie acid; for 
II 

() 

d, wlien the iodine acts upon the sulphite, it extracts the 
"^"dium atom which is in combination with oxygen, tlnui 
hie union (^f the two residues would,” in all probability, 
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tjike pLxee at this point, and the constitution of tlio acid 
would be that represented by the last formula given. It 
will bo seen that our knowledge in regard to tlie structino 
of thiosul2)huric acid is very unsatisfactory. 

The same remark maybe made in regard to our knowl- 
edge of the structure of the other acids o] sulphur. Tla; 
method used in making the salts of tetratiiionic. acid is 
suggestive, and if we knew the structui'e of tliiosulpliuric 
acid, we miglit draw a conclusion in regard to that nf 
tetrathionic acid. Tlie method consists in treating ilia 
* sodium salt of thiosulphnric acid with iodine. It apjicais 
probable that of the two formulas above given for 

() 

II 

sulphuric acid this one, H-H-S-O-H, is to be prefei iY'd, 

II 

O 

for the reason that it is more probable tliat when iodine 
acts upon sodium thiosulpliato it nunoves the sodiiiiii 
atom whi(di is in combiiiai i» m with sulpliur, tlian tliat it 
removes tlie one wdiicli is in combination with oxygen. 
If tliis is true the above formula- for thiosulphuj'ic acid 
f(dlows. Now’, further, reasoning in the same way, it 
a]) pears prol>al)le that wlnm iodime acts u])on sodinni 
thiosul])hate it nmioves tlie sodium wdiiidi is in combina- 
tion with sul])hur, and in this (*ase the formation of hdra- 
thioni(* acid must be represented in the following way: 


() 

Na-O-S-S- 


O 


Xa -}- 
I I 


() 

II 


() 


.S S-O-Na = NaO-S-S-^S-S-O-Na + 
II II II 

O () (> 


According to this, in tidrathionic acid there arc' tmir 
sul[)hur atoms in comliination by cane athnity (anli. 
This compound is, however, comparatively stable, wliil'' 
thiosulphnric acid, in which a similar combination of 
only two sulphur atoms is assumed, is extremely mi- 
staiile. What value to attacdi to such considerations as 
these we do not know\ 

Compounds of Sulphur with Oxygen. — Sulphur, as lias 
bec'ii repeatedly stated, combines with oxygon in two I'l o- 
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portions, forming tlio oxides SO, and S0„ or snlpluir di- 
oxide and sulphur trioxide. Besid(;s tlu'se two it alsn 
{onus a sesquioxide^ 8,0,, and a heptoxide, S,0^, but com- 
paratively little is known in regard to the last two. The 
one best known is sulphur dioxide. 

Sulphur Dioxide, SOj. — This, as has been seen, i^; 
ioriiied when sulphur is burned in the air or in oxygen ; 
and It is also easily formed by reduction of the liigher 
exiles and acids of sulphur. Owing to the fact that 
with water it forms sulphurous acid, it is frecpiently 
called sulphurous anhydride. The methods for making 
it wvi'v iv [erred to under sulphuric, acid, and the reac- 
tions involved were discnsscul then with asullicient degree 
of lidness. It in'od only be said here that in the laborun 
torythe methods most commoidy em jdoyed are : (1) Heat- 
ing sulphuric acid with co])per ; (2) Inniting the acid with 
carl)on (charcoal) ; and (3) heating tlu^, acid with sul|>lnir. 
AVheii carbon is used two gases an* formed, viz., carbon 
dioxide and sulphur dioxide : 

2H,S(), + C CO, I 2S0, -1- 2H,0. 

The gas can also be made by heating a mixture of a 
iiiotallic. oxide and sulphur. Thus, when ciijiric oxide and 
sulphur are heated togetlnu* this reaction tak(‘S place : 

2CuOH-28=::Cu,S f SO,. 

Sul]diur dioxide is a colorh'ss, transparent gas, which 
has a ])ungent, sullbcating odor, familiar as the odor of 
Itnrniug sul])hur mattdies. It is poisonous, causing death 
wli(‘ii inhaled in any (juantity, and giving rise to had 
>diii])toms even in comparativt‘ly small quantities. M 
do(^s m)t readily give u]) its oxygc'ii, so that burning 
hodic^ are extinguished when intj'oduced into it. It r.cts 
soiiii'tliiiinr water in this’ respect. It is mon* than 

t\vic(^ as heavy as air, its specific gravity b(‘ing 2.2(). 
b’h.n sulphur is burned in oxygen gas the sul})hnr di- 
formed occupies the same volume as the oxygen 
up, so that there is no change in the volume. This 
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can bo shown by tlie experiment here described. 
bent glass tube, of the hjrm shown in Fig. 8 , tlieri' is 
placed a piece of sulphur, and tlj (3 
tul)e is then half tilled with 
oxygen over mercuiy. On hoav 
heating the tube at the ])art wlu je 
the sulphur is, this burns and is 
converted into sulphur dioxidt'. 
After the. tulx^ has cooled down to 
Vici.H. the ordinary temj)eratnre tlie gas is 

found to occupy the same volume as before. Tins will 
be readily iiiiderstoo<l by the aid of the following eoji- 
siderations : In the reaction 



s + o, so. 


one molecule of sulphur dioxide is formed for on cry 
moleinile of oxygen used iq). Jbit a molecule of sulphur 
dioxid(! in the form of gas occupies tlie same spaci^ as a 
mol(‘cule ot oxygam, so that, as the S|)ace occiqiied l)y the 
sulphur in the exj)eriim‘iit is insigidticant, tluu'e is no 
change in volume occasioned by the above reaction. 

Sulphur dioxide dissolvi's in water, as wo havi^ SiMU), 
and forms a li([uid in whiidi, judging by its conduct, sul- 
tihurous acid is jua'simt. 

The gas is easily li([ueHed by cold adone. It is only 
iK'cessary for this purjiose to pass the dry gas throngli a 
tube surroundiMl liy a friM'/iiig mixture of ice and salt. 
The li(juid changes ra])idly into gas under ordinary 
sure at the ordinary tem|)(‘rature. In this change so 
mu(di heat is absorbed tliat a temperature of aliout — 
can b(^ produceil by means of it; and a portion oi tJio 
li(piid can la; solidified. 

Sul])liur dioxide is very stable. If heated to 120(1^ 
under pn^ssure, however, it lireaks down into sul[)hur 
trioxide and sulpliur : 

3SO, ==. 2 SO 3 + S. 

AVlien conducted into solutions of bases or of carbonate^ 
(he corres])onding sulphites are formed : 
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2K0H + SO, =r Iv,S03 + H,a; 

K^CO, + SO, == K,SO, + CO,. 

Undor certain conditions, as when tlie gas is passed. 
}]itc) a liot solution of an alkali carbonate, a salt of the 
..eiieral formula M,S,06 is formed. This bears to the 
sulpliite the same relation that the pyrosulphato bears 
to the sulphate : 

2 KHSO 3 = K,S,0, + 11,0; 
and 2K11S0, = K.,S,0, + 11 , 0 . 


Sulphur dioxide is used extensively for tlie purpose of 
bleaching silk, wool, straw, and basket-ware. Fii order 
tliat it may bleach, however, wahn* must bo present, so 
that it appears tliat the true 1)1 acliiug agivat in this case 
is sulpliurous acid and not the dioxide. When we con- 
shhu' that sulpliur dioxitle does not readily take up nor 
u}\i) up oxygen, while sulpliurous acid does readily take 
it ii[), the necessity of having water present in the 
bleaching process at once ba*omes apparent. The 
])lo:iching in some cases certainly consists in abstracting 
oxygen from the colonnl substances, and thus converting 
tlieiii into colorless products. In other cases it is due to 
the formation of compounds of sulphurous acid with the 
dye -studs. 

Sulphur dioxide is not only a bleaching agent like 
(hlorine, but like chlorine it is also a disinfectant. It 
has to some extent the power to <lestroy the organisms 
^vliicli cause (dianges in organic, substances. It provmits 
h riiKMitation and is horefore used as a preservative. Its 
powci- to destroy the germs of disease, that is, to disinfect, 

uot as great as is frequently supposed. Much largpn- 
puaiilitics are necessary for tJiis [iinqiose than are coni- 
ainiily used. 

Sulphur Trioxide, SO3. — Tliis compound is made by 
passing sulphur dioxide and oxygen together over heated 
phitimim in a finely divided state. It is obtained most 
I'oadily by heating disulphuric acid, which breaks up 
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easily into sulphur trioxide and ordinary sulphuric ai i] 
according to the equation 

H ,SA H,BO, f SO, 

Similarly, the acid Kul])liates of the alkali metals \io](l 
the corresponding normal sulphates and sulphur trioxide; 

2NaHSO, Na,S(>. H' ^O, + H,0. 

It is now manufaciured on tlie large scaih^ bv])assiiig sul- 
phur dioxide and oxygen togetluo' ov(U* asbestos covtavd 
with tiiu'ly divided j)latinnni, and the Yn’odiict tliiis dli- 
tained is pass(al into ordina ry sul jihuric, acid for tlu' piii- 
poso of making “solid sidpiiui-ic acid” wliicli, as has 
been stated, is almost [)ur(* disnlphuric acid, H ,S,0 . 

Sul[)]iur trio\id(‘ is a \vliit(‘ ervsta Ili/aal solid w hidi 
appeniis to exist in two iinalilieatiojis. TIk' oih' is a litjiiiil 
at ordinary t«miperatures, bnt it soli<liti('S at about hi. 
Ai'conliiig to the latc'st iiivi'st igat ions tlnnu* is hut iHc 
ni( al itication ot the oxi(hu It is a solid which nudls a* 
lbs , formijyg a liijiiid which boils at -UW In (Muitaii 
xvith the air tlu' oxich' givi's off thick funu's which aia 
pfirtly du(^ to th(‘ giasat power of the conqatniid t(' mm- 
bine xvith xvater. W ater a<-ts with xiohnnu'. njion it, tin 
heat evolved in th(‘ act Ixdng cal. It also ids 

upon subslaaic(‘s containing hydrogen and ox vgmi in aiiK li 
tlie same xvay tliat coiHaud rated snl[)huric acid (h''s 
charring them by abstracting the hydrogen and o\\ u' "' 
It acts, h()w ev(U’, more yiohndly in this w ay limn sulpliiird 
acid do('s. AVitli wudei- it forms sulj)liuric. acid, and il e. 
thea-efore, called snlj)hm‘ic aidiydrid(\ The reaction in- 
volved in ])assing from sulphur trioxitle to sulphuib -aiil 
is of a kind which, as wu', ha.v(‘ seen, is frecjinnitly nici with 
both with acidic oxi(h‘S or anhydride's, and with baun ci 
metallic oxides ; and it is (h'sirablc^ that it shoidd Imu' 
be studhal a little Jnore^ care'fnlly tlnui it has ye t 1' di. 
What we know' is that when sul])hur trioxide acts a|""^ 
water thei-e is a gix'at de'al of heat evolved, and sed* 
pounds of dillerent com|)ositi()n an^ obtained, ddic < (uu- 
position of these compounds is represented by the Ici nn*' 
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las SO3 -j- H./), SO.3 4" "1 ' 

wIhmi cMlciuiii oxide or liine, (JjiO, jicis upon wjiter, tli(‘r(‘ 
is "rojiti ev(4utioii of lie;it, mid ;l coiiipoiind is foniied 
tho couipositioii of wliicli is i‘(‘i)r(\soiit(Ml hy the fonnida 
(^.^O H.,(). 3>iit tlies(^ fornml.is do Jiot jitteinpt to ^ive 

aio account of what takers ])lac(^ in tlie chendcal acts re- 
f,ar,Ml to. Tliat tlie wat(‘r is not [)r(‘S(‘nt in tlie coin- 
jiiiinids as Avat^u' scmuus (evident, in tin* tirst ])laA'e from 
t]i(' cojnluct of tlu^ comixninds, nnd in llui sia-ond pljice 
iVoiii the amount of lu'at (‘Volv(‘d in tlie act of com1)ina- 
tioii. XoAV, chemical eoinluctof the sul )stanc<^s 

into e()usi(hn-ation, tln^y a.pp«'ai- to eojitain liydio^cm in 
i'()nd)iii:ition Avith oxAy^en, and tlieii- conduct Ixm-ohu's 
(•() iiii)r(diensil)le on th<^ suj)position that the j^i/onp l;no\vn 
as hvdroxAd, (-O H), is ]>r(‘sent. This vicov has lanui 
found to 1)(^ in accordance with a. larjce numlx'r of facts, 
;iii(1 it is of nrcat a.ssistanc<^ \u dcalii],^ with tln'sc facts. 
Tin' vi(‘W is distinctly this ; Wluui an acidic oxide acts 
ni)oii water it. is conveuded into adiydroxyl com])ound 
wliii-li has acid propc'rties, as shown in this «'(|uation : 


HO 


0 :^S.() i 110 
ilT) 


S 


‘OH 
: OH 
i OH 
OH* 
I OH 
1 OH 


.Vccordim.^ to this, ('acdi fiiolmado of wat(M* is decoiuposed 
;ci(l (nich hydro>4’en atom in tln^ n'sultinu; compound 
is ill comt)ination Avith o\yu;;(Ui. Tdie same kind of action 
tii>lo‘s place in th(‘ ('ase of soim^ basic* oxide's, as shoAvn, 
h»i’ e\aniph‘, in tlu' case of calcium oxide': 

Cn^O + lIC eH<J|]J. 

by means of e'ertain re'aute'nts Avliie*h will be taken up 
^'ih'i- it is possible' te) re])la.e*e' oxypien in ce)mpounels by 
'‘*‘b)riiiOj tAvo chh)rine atoms takini^ the plae*e^ of e)ne 
*4.^ ucn atom. So, alse), Avhe'ii the oxAy^en of tlie hyelrox- 
^'^is is replaced by chhirine, the result is that e'ae*h 
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hydroxyl group is replaced by one atom of chlorine. 3'!iis 
is easily understood. For, if in calcium hydroxide (‘ucK 
oxygen atom sliould be replaced by two chlorine atoms, 
die result would be a combination of atoms represented 

thu«, , iind fn.iii this, hydrochloric acid 

would 1)0 f'iveii off, leaving calciiiiu chloride ; 


'^‘KCICIH - ^ ' 


;[;[ + 2HC1. 


The result, therefore, of treating the liydroxide |j 

in such a way as to replace eacli of the two oxygen atoms 
l)y two chlorine atoms is the formation of a coiupoiiml 

(^a<[i|, wldcli is dei ived froiii tlie liydroxide by repLu iti- 

each hydroxyl group by one atom of chlorine. llitsn 
facts lend su[)t)ort to the hydroxyl hypothesis. 

Just as sulphur trioxid(‘> acts upon water to foian sul- 
phuric acid, so it acds upon nndadlic- oxidc'S, foniiin^ 
sulphates. Thus with calcium oxide it forms cahaum 

sulphate : 

CaO -f- SO, ~ Ca^O,. 

It comliines also with hydrochloric*, acid, forming tln^ 
compound S0,HC1. The action in this case is analogous 
to that which takes place with water, and is represeiitiHl 
thus : 

• o o 

0-S-O I H-01 == O-S-O-H. 

I 

Cl 

The analogy lietwoen this and the action with water will 
be apparent by a consideration of the following equaiien- 

O ‘ O 

0=B=0 + H-O-H ^ O-S-O-H. 

I 

0 

1 

H 
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TJie chlorine compound appears to bo ordinary sid- 
pliuric acid in which one hydrox}'] group has been rc^placed 
by a chlorine atom. When the compound is treated with 
hydrocldoric acid is given oft* and sulphuric acid 
is formed, thus : 

( Cl ( OH 

OH + HOH 8^ OH + HOI. 

( O, ( O, 

Acid Chlorides of Sulphur. — Tn th(‘ introduction to 
this chapter reference was made to certain compounds 
Avliicli sulphur forms with oxygen and chloriiu', kiiowni 
ns acid chlorides, because wdien brought in contact w ith 
water they form acids. Strictly speaking, all the coni- 
poniids of sulphur and chlorine are of this order; the 
iiaim^ is, how^ever, gcuierally a})j)lied to those com])ounds 
which are derived from the acids l)v I’eplacemeid. of tlu' 
hydroxyl by cldoriiK^. Thus the acid chloride of sul- 
phuric acid is SO,<^,J, which is plainly sulphuric acid in 
which the two hydroxyl groups have been la'phua'd l)y 
cliloriiie. So, also, the coin])ound S()<|,j is related in 
the same way to a ‘sul[)hurous acid of the formula 
which, how'ev(U-, does^ not appear to be ordi- 
JJary sulphurous acid. But the existence of the com- 
i>()muls S().^<|,| and SO<|^,|, which are to be regarded 

i'es|)(H‘tively as sulphuric and sulphurous acids in which 
^“'th hydroxyls ar^^, re]daced by (ddorine, suggests the 

<‘^ist(']ice of the two compounds ’ 

duived from the acids by the replacement of one hy- 
di’oxyl in each by (ddorine. The former comp)ound is 
the latter is not. 

Thionyl Chloride, SOCI2, can be made from sulphur 
^lioxide by rej)lacing one oxygen atom by tw’o cldoriiu' 
atoms. This is effectcul by treating sulphur dioxide with 
idosphorus peiitachhndde, BClj,, a cennpound which 
h'iulily gives up a part or all of its chlorine and tjdxes u]) 
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oxygen in its place, and is therefore extensively used in 
chemistry for the purpose of replacing oxygen by clilo- 
rine. AVith sulphur dioxide the reaction takes pl:ue 
thus : 

SO, + PCI, kSOCI, + POC],. 

Tlie compound is also formed by treating sodium siiU 
phite with })hosphorus pentachloride, Avhen this reaction 
takes place ; 

SO(ONab + 2PC1, SOCl^ -f 2XaCl + 2 POCI 3 . 

In order to umlerstand this reaction it a})pi^ars neces- 
sary that sodium sulplnh^ should be r(‘])resent(‘d bv the 
formula given, which, as will l)e seen, is not in accordaiico 
with the conclusion reached regarding the structure of 
sulphurous acid. It may be that the reaction is more 
com])licated than here represenhul, and that sulphur 
dioxide is first given olV, and that this tlien acts upon the 
])entachloride. 

Thionyl chloride is alhpiid with a strong characteristic! 
odor. It acts readily upon water, forming sul])hur dioxide 
and hydrochloric acid according to the e([uatioii 

S()(d, + 11,0 SO, + 21101. 

Sulphuryl Chloride, SQuCli» is formed by the direct 
action of chloritie upon sulphur dioxide' in the siinliglit, 
the action Ixdng similar to that which take's place wIkmi 
sulphur elioxide and oxygen unite to form the trioxide: 

SO, (d, S0,01, ; 

SO, + 0 ^ SO 3 . 

It is best prepared by heating the compound S0,<Qp[ 
io ITO^-ISO^, when the following reaction takes place : 

= H,SO. + SOyi.,. 

It is a liquid which is easilj^ decomposed by water, as 
represented in the equation 

SO, Cl, + 2H,0 =: SO,(OH), + 2HC1. 
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WiUi half the quantity of water required to effect 

’’ Cl 

the above decomposition chlorsidphuric acid, 

is formed : 

SO,<g + H,0 = SO,<g\j + HCl. 

Chlorsulphuric Acid, or Sulphuryl-hydroxyl Chloride, 
S04<oH» formed, as lias been shown, by the direct 

action of hydrochloric acid upon sulphur trioxide : 

Cl 

SO3 + HCl = * 

and, further, by the action of phosphorus pentachloride 
npou sulphuric acid i 

so,<5j2 + rt!'. = + roci, + hci. 

Like sulphuryl chloride it is decomposed by water, yield- 
iii<4 hydrotdiloric acid and sulphuric acid. 

Compounds of Selenium and Tellurium with Oxygon and 
with Oxygen and Hydrogen, — For the purposes of this 
kook it is not necessary b> into details in regard to 
the compounds of selenium and tellurium. In the intro- 
duction to tins cliapter it was stated that selenium au(.l 
t(dhirium form compounds with oxygen coiresponding 
to snlpliur dioxide and sulphur trioxide. Both of these 
oxid(^s of Ldlnrium are known, together with third of 
tli(‘ composition represented by the formula., d('0, uliilf 
'uilv one oxide of selenium, the dioxide, SeO,, is known. 
Oil ilio other hand, the acids of sehmium and tellurium, 
coriospondiug to sulphurous and sulphuric acids, aie 

Selonious Acid, H.SoO.,.— This (‘omi>ound is tormed In 
<^>xi(latiou of selenium in preseuci' of water or hv dissolx- 
iiig sideiiium dioxide in water. It is a crystallized solid 
^vlu.dl attracts moisture fy>ni the air, and when lumhHl 
l>i' aks down into scdeiiium dioxide and water. It forms 
t^v. ) series of salts, the acid selenites, MHHeC,, and the nor- 
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inal scleiiites, M^SoOg. While in eomposition the ;i ' iti 
and its salts are analogous to sulphurous acid and tin 
sulphites, in (-oiiduct there is a marked dillereiice. Sul- 
phurous acid tends, as we liave seen, to take up nioio 
oxygon and form sul|)huric acid, while', selenions .aid 
gives up its oxygen with great ease and yields seleniuui. 
It is evident that the athnity of selenium for oxyge n is 
much less than that of sulphur for oxygen. AVlie u ;i 
solution of selenions acid is treated with sulphur dioxidt 
the acid is reduced to seleidum : 


H,SeO„ + 2S( ), I H,() 2II,S0, + Se. 

The same method of investigation which leads to the 
conclusion that sul})liurons acid has tlie foriiiiilii 

when a}>plicd to se'lenious add, h'ads to tlii* 

( ) H 

conclusion tliat tliis lias the' (Minstitution Se()<Qlj^. 

Selenic Acid, H.SoO^, is fornn'd by tin* action of ])oavui- 
ful oxidizing age'iits like salt[)et(‘r, or chlorim'. or biomiiif 
in water solution on selenium. The action with (‘hloiine 
is represented tlins: 

Se 1- (>C1 - I 1H,( ) . : H,8e0, + (>1101. 

is a litjuid restunbling sulj)huri(‘ acid. It (*annot, Imu- 
('vm', obtaiiK'd in pnr<‘ condition on accouid ol its 1( ii- 
denev to give u]> oxygen and ])ass over into sele iiious 
acid, in xvliic.h re'Sju'ct it ])lainly dilVers marke'diy leuii 
sul])hnric, acid. It give's Uj> its oxygi'ii te) other subst.iiu''^ 
muedi more', re'aelily than sulphui ie* aedel eloes. This is 
seen in its action u])on hyelroclileiric acid, which tuhes 
place as representrsl in the' e'epiation 

IT,Se( ), + 2H( n H,SeO, (- Cl, + 11,0. 

Hidphuric acid does not act upon h} drochh^rie' 
but it does aed upon hydrobreimier ami hyelriodic .c ids, 
and its action upon liydrobromic acid is very simil e t<> 
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wliicli takes place between selenic acid and hydro- 
cliloric acid : 

H,SO, + 2HBr SO, + Br, + 211,0 ; 


tlie o]ily essential dilference is that tln^ snlpliurous acid 
lirciiks down into sulplmr dioxide and water, while the 
S(‘l('nious acid remains in solution as snch. 

Selenium Dioxide, SeOi. — This ajialo^oie of snl])hur 
dioxide is made by burning" selenium, or by heating 
stdeiiions acid. U is a solid crystallized substance 
which can b('. subliimal without nmhxrgoing d(H*oJU])o- 
silioii and xvithoiit irndting. As w(‘ lniv(‘ s(‘(m, it dissolves 
r(':idil\ in water, forming sehmions acid. It loses its oxy- 
<^•('11 la-adilv in contact with substance's whiedi have the 
powci’ to unite, with oxygon, liiid it is tlins reduced to 
sdt'iiium. tt(‘nce wIk'U it is subliim'd ])arti(d(>s of dust 
which may b(^ ])resent in the v(‘ss(‘l ellect ])ai‘tial ixMlnction, 
and the ])roduct, inst('ad of Ix'ing white, as the oxide is 
wIk'Ii pure, is colored by tin', pa.rti(d('s of si'hminm. 

Acid Chlorides of Selenium. Sehuuum combines witli 
oxYg('n and chlorine, forming com]K)unds analogous to the 
acid (ddorides of sulphur. Tlie ])rincipal one of these is , 
siL'iiifl cJilorule, SeOCJl,, whicli is formed l)y Inanging to- 
getlior selenium tetraiddoridc^ and si'leniuni dioxide: 

Se(d,-]-SeO, = 2SeOCl,. 

bv water it is decompose»l, forming selenioTis and hydro- 
chloric acids : 


SeO _L H^^bl _ ^ ^ ^ OK , 2HC1 


'lust as sulphur trioxide combines with hydrochloric 
‘•‘■•'I, so also does selenium dioxide. It forms products 
^'Idc li are represented by the formulas S<d),.2H(T and 
'^cD^. tlKJP ].t is (juite ]n)ssible that the former is a 

Cl^^^ .OH 

^id(jride of selenious acid of the constitution OK ^ ^ "OH ’ 
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y H-(CLV ^ /OH 

muk jj_(^jg>bc<(^H> 

bein^ 


and that the second should be represented by the foi 
a few compounds of this .kiuii 

known, as will be pointed out. 

Tellurious Acid, H-^TeOa. — Tellurious acid is formed hy 
treating tellurium tetrachloride with water. It is possi])l(' 
that the first action causes the formation of normal (el- 
lurious acid, Te(Oll),, and that this then breaks dow]] 
into tellurious acid, H /beOa, and water : 


To 


Te 


Cl 

Cl 

Cl 

Cl 

OH 

OH 

OH 

OH 


+ 


HOH rOH 

HOH _ J OH 

HOH ■“ 1 OH 

HOH [ OH 


+ 4 HC 1 ; 


( OH 

To 4 OH + H, 0 . 

(O 


The potassium salt of tlie acid is formed by melfiii^' 
together telluiium dioxide and potassium carbonate: 


K,C03 -h TeO, KJeO, + CO,. 


I^the salt thus formed is dissolved in water and nitric 
acid added to tlie solution, tellurh^us acid is thrown down: 


K^TeO^ + 2HXO3 2KNO3 + PI^TeO^. 


It is a solid which easily loses water and is thus trans- 
formed into tellurium <lioxide. 

Telluric Acid, H2T0O4. — This acid is formed by mellinu' 
tellurious acid with saltpeter and other oxidizing agents. 
IVTien the solution of the aeid is evaporated to cnstal- 
lization the solid compound deposited has tlie coin[c)- 
sitioii 11 / 1 ( 30 ^, and, according to what was learneil 
studying sulphuric acid, it appears probable that this is 
normal telluric acid, Te(()H)^. IVlien normal telluric 
acid is heated to a little above 100° it loses water ami is 
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transformed into tlie acid corresponding to or- 

dijniry Hulplinric acid, from which most of the telliirates 
jire derived : 

Te(OH)„ = TeO,(OH), + ‘2H,0. 

Heated higher, to ahoiit 160°, the acid is decomposed 
iuto tellurium trioxide and water : 

Te0,(0H), = Te 03 + H,0. 

Although most of the telliirates are simple salts of the 
acid H./leO^, others are derived from more complex forms 
oi the acid. Om^ of tluise is analogous to disiilphuric acid. 
Another is derived from four molecuh's of telluric, acid, 
T(^(OH V l>y loss of eleven molecules of water. 

Oxides of Tellurium. — 'reiluriuia ■iuono.xide is formed by 
hoiiiing sulphur trioxide and tellurium together in a 
vacuum. Tdhiriuni dioxide is formed by burning tellu- 
viuiii or by oxidizing it with nitric acid ; and, further, by 
iliB decomposition of tellurious acid by heat. It crystal- 
lizes and is but slightly soluble in water. 

Tlie trioxide, Te().„ is formed by heating telluric acid 
to a high temperature. Its conduct is entirely dilferent 
from that of sulphur trioxide. AVhile the hitter acts with 
violence upon water, and readily upon metallic oxidi^s 
iind hydrocldoric acid, the former does not act read^" 
upon any of these sul)stances. It is insoluble in hot as 
W(‘ll as cold Avater. 

Sul photelluric Acid is an example of the sulpliur acids 
ref('n ed to on p. 141. While tlie acid itself is not known, 
a potassium salt of the formula K„TeS^ is kiioAvn. This 
i^ l)lainly analogous to the salt of the oxygen acid, 
heO^, dilVeriiig from it only in containing sulphur in 
place of the oxygen. 

FAMinv YI, Guour A. 

Group A, Hamily YI, includes chromium, molyb- 
driium, tungsten, and uranium. All of these shoiv 
^<'1110 resemblance to the elements of the sulphur grou}), 
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but they also appear in entirely clifFereni; cliarac ti rs 
for»iing eoinpouiuls of a kind nnknoAvn aniong llu^ 
derivatives of sulplinr and its analogues. The relation 
Avhieli tl^ese elements bear to sulphur is much lilo' tlm 
relation Avhich manganese bears to chlorine. The ir- 
semblance to sulphur is seen maiidy in the formation of 
acids of the formulas H.XlrO^, H^MoO,, H,WO^, and 
H;LI0, ; and the oxides Cr6„ MoO,, WO„ and UO,. Most 
of these acids yiehl (romplicahul derivatives, all of whn li 
can, lioAvever, be explained by the same method as that 
used in the case of periodic acid. The common salts of 
chromic acid are d<u'ived Irom <lichromic acid, Avhicli is 
analogous to disul])huric acid. They have the geinnal 
formula M,Cr,().. So, too, salts of molybdic acid am 
known whi(di are derived from the simple form of tln^ 
acid, IT3lo( )^, and others which are d(uiv(Ml from a diiuo- 
lybdic acid, U,Mo,.(),, and from more complicated forms. 
Tungsten has a wonderful power of forming coni|)lox 
acids. All of them, hoAvever, can be referi’ed to tlio 
simph' foiMU H.^AVO,. And, finally, uranic acid forms salts 
Avliicli for the most [)art aic^, (huived from diuranic acid, 
All tlie most impoitant of these coni])oiiii(ls 
will bo taken up later. 

AVhen the acids of chromium, molybtlenum, tungstt ii, 
and uranium lose oxygen tln^y form com[)ounds w liicli 
have little or no acid character. ^Jdie loAver oxi(h‘s of 
chromium form salts with acids, and tlu'se bear a gcan rnl 
resenildance to the salts of aluminium, iron, and niaiig i- 
nose, ddie (diromates lose their oxygen (juih^ readily 
Avhen acids are present Avith Avhich the chromium can 
enter into combination in its capatdty as a base-lormm^^ 
element. Thus, Avheu potassium (diromate 
treated with hydrochloric acid in the presence of some- 
thing Avhich can take up oxygen, decomposition takes 
place thus : 

2K,CrO. + lOHCl = 4KC1 + 2CrC], + 514,0 + 50. 

With sulphuric acid the action takes place as repre- 
sented in this equation : 

2K,CrO. + 5H,S0. = 2K,S0. + Cr,(S0.), + 5H,0 + 50. 
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In Loth these cases the chronhuin enters into combina- 
tion as a trivalent base-forming element, taking the place 
of three atoms of hydrogen in liydrochloric acid in the 
lirst case, and of three atoms of hydrogen in the sulphuric 
acid ill the second. Molybdenum and tungsten do not 
Ibnn salts of this character; indeed tliey seem to lie 
practically devoid of basic properties. IJraiiiuin, on tlie 
()tJun“ hand, forms some curious salts wliich differ from 
tlu' sinijile metallic salts wliich we commonly have to 
(leal with. These are the so-called iiranyl salts, which 
ar(^ regarded as acids in which the hydrogen is either 
wliolly or partly replaced by the group UO„, Avhicli is 
l)ivalent. Thus, the nitrate has the formula (U 0 ,^)(X 03 ) 2 , 
the sulphate is (UOJSO^, etc. These salts are derived 
from the compound UO^(OH), acting as a base, whereas 
tills compound has also distinctly, acid properties. 
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NiTHOdKN, N (At. Wt. 13.03). 

General. — Nitrogen bears to a group of elements lela. 
tions very siiuilar to those Avliieh oxygen bears to the snl- 
pliur group, and Onoriiie to the ehloriue group. O’lu re 
are easily recogni/aal r('seiul)lanees Ix'tween it and tin 
members of the group, ami yet tlu're are some marked 
clifferenees. As has been stat(Hl, and as is seen fi’oni ih 
position in the periodic system, nitrogen is tri valent i 
towards hydrogiui, as shown in tlie compound NH,,,wliile 
it is l)otli trivahud- and (pdnquivalc'nt towai’ds oxygen, ;is 
appears tf) bo shown in N/.), and N,(),. Tlie ]n’im‘i]);i] 
hydrogen c.ompound, ammonia, is md>irely diirereiit in 
charact(n’ from those of cdilorine and sulj>liur, for, wliilo 
tliese are acid, ammoida lias in a marked way the ohar- 
a(*t(‘r of a bas(', acting, liowt'ver, in a pe<*uliar way njieii 
acids to form salts, ddie two oxidi's abovi^ refriTfel to 
are, acidic, forming th(‘ acids UNO., and HNOg, which aio 
known as nitrous and nitric acids resjiectivolv. 

Occurrenco of ISTitrogon. — Tt was discovered by li.ivoi- 
si(n- and Scdieele towards the end of the last c(mtur\ tiiai 
the air consists of two gases, om^ of which is ox \ gen, and 
they showed that when the oxygam is removed tin* gas 
whi(di is h'ft lias not tin', power to support comhuslieii 
nor to su])i)ort respiration. This gas Avas first called 
(iznte (from Yr, privitive, ainl lihi), and this iiaiiu' 

is still retained in J^ranc.e, the svndiol in use in that 
country being Az, Avhereas in all otlnu's the symbol is N. 
This is the only case in wliicli there is a dillerem a' 
usage in respect to the symbols of the chemical tdenn iit^ 
in dillerent countries. The name nitroghie was giv( n to 
it later, from the fact that it is a constituent of niter or 
saltpeter, KNO^ {nitriunj salt 2 )eter, and ytveii', lo ]>rc 

(31S) 
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Jiico), and this is the origin of the English name nitro- 
<' 0 U. Not only is nitrogen found free in the air, but it is 
foiiiul ill combination in a large number of substances in 
]i;iiiiro. It is found iu the nitrates, or salts of nitric acid, 
pai ticularly as the. potassium salt KNO^, and tlui sodium 
s;ilt NiiNO,, Avliich occurs in enormous <|uaiitities in 
(hili, aiul is therefore known as (’liili saltpeter. It is 
;ils() found in the form of ammonia, which is a compound 
of nitrogen and hydrogen of the formula Animoniu 

occiivs in small (piantity in tln^ air, and is formed umhu' 
a vaih'ty of coiulitions, to Avhich mhueiice will l)e ma<h 3 
wlx'ii the substance is treated. Nitrogaui oceiirs, fui tlier, 
ill coiribination iu many animal substances. 

Preparation.- The most convcmitmt way to prt'jiare 
iiiliogtm is by Inirning in a c1os(.m1 vc'ssel something which 
ilo('s not give a. ga.s(‘ous product of combustion ; or by 
jiassing air ov(U‘ sometldng which has tlui power to unit»^. 
with oN.yg(Mi. The best substance to us(^ for the tirst 
purpose.’! is phosphorus, which biiiuis readily and yiedds a 
solid product, seilubh^ in water. It is oidy necossary, 
tliorcfore, to place a )>i(H*e of jdiosphorus in a floating 
vi'sse'l on the surfac'e of water, set lire' to it, and imniodi- 
:it;dy place over it a'closed ladl-jar. As soon as the oxygen 
is iisi'd u]) the (‘Ojnbustioii stops, and the vi'ssel then 
cniitains the l•('sidual nitrogc'ii, ami the walls are coveued 
villi a thill lave, r of ])hos])horus pentoxiele, 1^,0,. T'his 
is soon convi'itml by th.e water into ])hos])hovic acid, 
wliiedi elissolve^s. Aiiotlier convmiient method for ])!('- 
I'aiiiig nitrogi'ii consists iu ])assing air over copja'r 
iicaieul in a tube. TMie copper take's up the* e)\yge'n 
i''-'idily, ami the nitrogen passes em. Ane)thi*r geeeiel 
iiH'lluoel consists in expeising b) the air e‘e>pper turnings 
p-n tly e!ov(U‘eel with a solution eif a.mnie)nia in a vesse*! so 
ai'i’aiigod as te) allow free access of ;iir w Idle tlie e'sca^io 
‘d the' gas in the vessel is ])r(n'ente*el. This mixture ah- 
^erhs oxygmi slowly at tlui e)relina.ry te'mperatures. 
Nitrogen can also bo made from other substances than 
the' air. Thus, wdien chlorine is passed inte) a water 
solution of ammonia this reaction takes place : 

NH,+ 3C1 = N + 3HC1; 
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but tlie liydrocliloric acid combines at once with amnioiiiq 
to form ammonium cldoride, NH^Cl : 

NH3 + HClr:=NII,Cl; 

• 

so tliat the only gaseous product is nitrogen. Tliis ex- 
periment is more or less dangerous, for if all the aninioiiia 
should be used up, and the passage of chlorine continiK'd, 
a compound of nitrogen and chlorine ^vhich is extreini lv 
explosive is formed, himilly, iiitrog<m can be matl(' hy 
heating ammonium nitrite, NH^NCX, either dry or in solu- 
tion. The hydrogen and oxygen of the compound unito 
to form water and tlie nitrogen is set free : 

NH,NCX=:.2TXO+N,. 

Tlie nitrogen prepared from the air is never pure, as 
there are always [)r(‘sent in the air other substances bo- 
sid(^s nitrogen and oxygi'ii ; and wliile some of tliese can 
be removed without serious difhcultv, otliers cannot be. 

Properties. — Nitrogen is a coh^rless, tasteless, inodor- 
ous gas. It has been cr)n verted into a li{iuid by subject- 
ing it to a v(‘ry low tiunperature and high ])ressure. The 
liquid solidities at — 2tKT. A liter of. nitrogen under 
standard conditions weiglis 1.250 gj*ams. Its specilie 
gravity (air = 1) is 0.071. It does not support combus- 
tic^n, nor does it burn. Tliis latter fact is oln ious, for, if 
nitrogen had the power to com])ine with oxygen wIkmi 
the temperature of the mixture is elevatcHl, it is |)laiii 
that this process of combustion would b)ng ago have taka ii 
place, leaving one or the other of the two gases and the 
product of combustion as the (ioiistitueiits of the air. Xi- 
tiaigon not only does not combimi xvitli oxygen readily, but 
it does not combim^ readily with any other element c\- 
cept*at very high temperature, and then with only a lew. 
Just as it does not support combustion, so also it d'x s 
not suppfu’t respiration. Animals would die in it, not oii 
account of any active poisonous properties ^lossessed by 
it, but for lack of oxygen. In the air it serves the us('lnl 
purpose of diluting the oxygen. If the air consisted only 
of oxygen, all processes of combustion would certainl\ b«^ 
much more active than they now are. What effect the 
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cojitiuued breathing of oxygen would have upon animals 
it is impossible to say. 

Tho Air. — The atmospliere of the earth, commonly 
(•all(‘d the air, (consists essentially of tlie two elements 
iiitrngen and oxygen in the pro 2 )ortion of 79 volunn's of 
nitrogen to 21 volumes of oxygen, or, by weight, of 77 
|)('r cent of nitrogen and 28 per cent of oxygen. Wdier- 
ov(‘r air has been collected and analyzed it has been 
foiiJid to have practically the same composition. Never- 
tludess very accurate analyses have shown that the com- 
pesition of the air is subject to slight variations. To de- 
cide' wliethe]’ the air is a cdiemical ('ojiiponnd or a me- 
cli.inical mixture I’CMjuires a (*ar(d‘ul examinatio]i of a 
iiuiuber of facts. Tlu^ evidence nia.y be summed up as 
follow's : 

(1) If nitrogen and oxygen are mixed tog(dher the mix- 
tun' conducts its(dt' in t'xactly Ihe same way as air. The 
inixiiig is not attended by any phenoiiU'iia ijidicating 
(‘licinical aclion. ( lenerally the chemical combination of 
two elements is accompaidt'd by an ('volution of lu'at, and 
wiKuiever a chemical act takes ]>la<*(' there is some 
rliaiige in the bnuju'ratui’e of tlu' substam*es. When 
]iitrog('u and oxvg('n arc' l)r( night togeth(*r th(*r(‘ is no 
cliaiigi' in the tem|)('ratur(' of tlu' gases. 

(2) The (^imposition of a. (du'mical compound is con- 
stant. The law of d('tini((' ])roportions is foumh'd upon 

very large number of obsc'rvations, and in all cases in 
W'liich w e have indepemh'nt ('vidence that chemic'al action 
tak(‘s jdace it is found that tln^ substances combine in 
oxaclly the same proportions to form the same product. 
^ariation in tln^ composition of a cln'inical compound is 
aot known. The comjiositic'ui of tin' air varies sliglitly, 
'ivcordiiig to circumstances, and this fact may be regarded 
'IS evidence that the air is not a chemical compound. 

('») Air dissolves somewhat in Avab'r. If air which aS 

^'diition in water is pumped out and analyzed, it is 
^<»niid to have a different composition from that of or- 
air. Instead of containing nearly 4 volumes of 
mtr()g(^ii to 1 of oxygen, it contains only 1.87 volumes of 
nitrogen to 1 of oxygen. Tho proportion of oxygen is 



JNOHQANIG CUEMISTRY. 


miicli larger in tlie air wliicli lias been dissolved in r 
than it is in ordinary air„ This is due to tlie fact tJiat 
oxygen is more soluble in Avater than nitrogen. Tla io 
fore, when air is shaken Avith Avator, relatively more oxy, 
gen than nitrogen is dissolved. If the gases wi'K' iu 
chemical combination we should ('xpect the componud to 
dissoh^e as such and Avithoiit change of composition. 

Tlie above evidence shows that nitrogeji and oxyt^m 
ai‘c‘, not combined cliemically in the air, but that tlnyy are 
simply mixed together. 

As enormous (piantities of oxygen ar(‘ constantlv e ia- 
ployed in the [)roc(^sses of respiration of animals, com- 
hustion, {ind various kinds of dc'cay, the ([lU'stion vill 
suggest itself : Is tlu‘. (piaiility of oxygen in th(5 a ir deo cms- 
ing ? Ill regard to this [lointsonie ingmiious ('alciilalioiis 
have l)(a>n made tin* results of wliii*li are rmissui’ing. ,\ii 
approximate estimati.i of th(‘. extmit of the atiuosplicrc, 
and therefore of the snjiply of oxygiui, can easily lie niailo. 
Assuming tliat the. po[)ulation of tluMsarth is 1000 million 
human Ix'iugs, the (|uantity of oxygen ustxl by (limn in 
respiration in a year Avould amount only to nlioiit 
H (•) J u 0 (» ^^U>P<>se, further, tlinld'or 

all other purpose's nine limes as much oxygmi is rmpiiicd 
as for th(^ res))iratiou of human beings, them (he (ntnl 
amount used up in a ymar would lie only o 

Avhole. sujiply. In 0800 yiairs th(‘. decrmise. in tin* aiimunt 
of oxA'gc'U in tlie air would lx*, only 1 })er c(*nt. W In >(lmr 
tlu*rt*. has Ixx'u such a dec!“(*as(‘, or not it is impossiMo In 
say, as it is only within a com[)arativ('ly tew yi* n s tlmt 
accurate analys(*s liavi^, been made. It ap|)eain'. ])i'oh;il;ln. 
liowevm’, from oth(*r considiunitions that (In^ (pmutil^ 'd 
oxygen iu the air is not (h*cr(*asiiig. It is known tint 
the process of plant life involves a giving oil’ of oxyynii 
Avhich comes from otlnu’ com]X)unds. The ])h‘iiits hn*- 
the poAver to d(u-om]X)se tin* carbon dioxide found in ti'*' 
air, and they utilize the carbon and a part of tin' oxNgnii, 
but another part they givi* Iiack to the air, so that in td*" 
process of Amgetable groAvth Ave have a constant soiu'^*^ 
of sujiply of oxygen. 
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Analysis of Air. — The earliest examinations of Pii(‘st« 
loy, Lavoisier, and Scheele were made hy burning sub- 
slaiices in air contained in closed vessels. Tliey con- 
cluded that the air is made up of J oxyj^en and J nitrogen 
])y l)uik. In order to determine the composition of the 
air to-day, vve should proceed as follows: A (pialitative 
exaiiiinathm Avould easily sliow the ])iesence of nitrogen 
and oxygen. If a solution of calcium hydroxide, ( 51 ( 011 ).,, 
wliicli is known as lime-Avabu-, or a solution of barium 
livdroxide, Ba( 0 H),„ is exposed to the air it becomes 
turbid, and a precipitate is formed. Neither nitrogen nor 
oxygen nor an artiticdaily ])repared mixture of the two 
gases can produce tJiis change. It has been shown tliut 
tlu'. change is due to the presence in the air of a small 
(|ua,utity of the gaseous compound, carbon dioxide', ( 

If calcium chloride', or pliospliorus pentoxidi'. is <'X posed 
to tli(' air it soon Ixu'onu'S moist and after a tinu' turns 
liepiid. This cllect has been found to be due to the ])res- 
eiice of water vapor in tho air. Nitrogen obtainml from 
the ail' by passing tlie latter ovt'i' co[)pea*, wliicb abstracts 
tlieexNgt'n, bas Ix'c'ii shown to contain a small aanount ol 
ail extrt'nu'lv imn't gas, argon (wliicb sei'). J)y oilier 
iiK'tliods wbicii n('e<l not be considi'i’inl In're it can l.x' 
shown that tbrn'i^ are many other substances in the air 
bosidi'S tbos('. im'nlioiu'd. Among them are aanmonia, 
hydrogen dioxide, and organic masters of various kinds, 
including a large varii'ty of germs tlui presema^ of 
which can be di'tected by the ('banges wbiidi exposure to 
the air produc*i'S in certain Jiipiids, as milk and fruit 
juices. 

Having thus b'ariu'd wbat the (diit'f constituents of the 
air are, the next thing is to (h'ti'ianim' in xvbat (plant ilies 
they are present, or to make a (]H<(}}t{t<fUvr (inahjsis of 
th(' air. For this ])nr])ose advantage may b(^ taken of 
th(^ lact that ])liospborus wlien ('xposed to the air at 
''rd inary teni])eratures combines slowly with the oxygen, 
huiving the nitrogen. If, therefore, a piece of orvlinary 
phosphorus is inserted into a measured volume of air 
^‘ouiaiiied in a graduated glass lube over water or nier- 
a diminution in volume will take place slowdy. If, 
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in the course of a few hours, the volume is again uk as- 
ured, the difference will give the volume of oxynei, 
absorbed, wl.ile the gas remaining is nitrogen. Of 
course, in this case asm all others in vhitdi gas \olniii(‘sj 
are measured, (*orrections for teinperatuie, piessure, and 
tension of acpieous vapor must be made. 

Anotlier method by whi('h the ratio between the nitro- 
*<•011 and oxygini in air can Ix^ d<derinined is that wliich 
Avas first eni|)lov(Ml by Dumas and Donssingault. It con- 
sists in passing air «)vm- Inaitcal copper, collecting and 
measuring the nitrogen, ainl w(dghing the coppeu’ oxide. 
The apparatus is arranged as shown in lOg. h. 
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Tlie copper is contaimal in the glass tube oh on tlif 
combustion furnacen At tin* (*nds of this tulu* ar(* Hh' 
stop-cocks rr. V is a j^kiss -lokc provi.ksl witli st"!'- 

cock ». Itoforc tii(' cxju'i iiiiciit tlic air IS ('xliaustci "im 

the kIoI.c ii.iatlic tnlx' and the tuhe then .•arcinllv 
xveiehed. 'Phe tulies /> ainl (■ and the ap|)arratus . 
tai.rsiihstances wl.i.di have tl.e ].ower to ahsovh the cav- 
1,011 dioxide of tlie air. The tnhe <ih is now heated ay 
air admitted after passin^^ tliroiieh ( , /,, and .1. 
copper takes up the oxygen, and the nitrogen enters nr 
frloho V. After the f-lohe is full it is weielied, then .y 
hausted and we.if'hed aeain, and the dilh rmiee f;i'''s >' 

weight of the nitrogen. The tnhe is also exhanste,! yr 
weighed, and the differenee between this weight ami i"' 
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of the exhausted tube before the experiment gives the 
weight of the oxygen. 

Tlie most refined method for the analysis of the air is 
tlio eudiometric motliod of Bunsen. This consists in 
•idding some pure liydrogen to a liieasured volume of air 
(.oiitained in a eudiometer over mercury, and then ex- 
ploding the mixture by means of an eleclric spark. If 
tli(' conditions ar(‘. right all the oxygen pi’esent will com- 
with hydrogen, and in consequence of this there 
will be a corresponding contraction in thevolunn^ of tlui 
cases. The amount of (‘ontractioii will be equal to the vol- 
iiiiie of hydrogen and that of oxygen whicli liave combined 
(o form wat(‘r. But we know from previous ex])('riiiients 
on these two gases that they combine in the ratio of one 
volume of oxygen to two of hydroge n. C\)nse(piently 
the volume of oxygen which was pr(‘S(*nt is eipial to one 
third of the total contracti«)n. Of course it is lu'cc'ssarv 
that there should be enougli hydrogen ])resent to com- 
l)int? with all tin; oxygen. This method is capable of 
yreat exiictiu'ss. Tli(‘ most accurate analyses made b}" 
this method by Bunsem and otlnn’s liav(^ shown that in 
lot) volumes of air tluua^ ar(‘ 20.1) to 21 volumes of oxygeji. 

^I'lie ('stimation of tln^ (juantity of water vapor present 
ill tlu' air is an important jirolilem. The quantity pres- 
<‘iit d(q)ends upon a variidy of causes, the temperature 
and the direction of tln^ wind Ixung the chi(d* ones. A 
K'"»d tdiemical method for estimating the watin* consists 
ill drawing a known volume of air over calcium (diloride 
ill a weighed lulie. This substance lias the power to 
hike iqi watm-, as av(‘ have rep(‘at('<lly seen. If the tube 
Is widghed afti'i’ a certain volume of air has been drawn 
til rough it, the increase in Widglit will show the Aveight 
<d waten- contaim'd in that volume of air. 

i he quantity of Avater va])or ]>resent in the air a arii^s be- 
t'vi'cn comparatively Avide limits. At any given tenqier- 
utuie the air cannot hold more than a certain ([uantity. 

kmi it contains this (|uantity it is said to be sitf untfed. 
it cooled doAvii beloAV this tempierature the vapor partly 
OMuhmses, and aptiears ikaav as Avatc'r. When a A^essel 
^•'mhiining ice is placed in the air, that Avhich immedi' 
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Jitcly surrouiids tlio vgssgI is cof)lGd. clown 1)g1ow tli<; point 
lit which tliG quantity of water vapor present would s;itu. 
rate the air, and water condenses on the outside ol Hk^ 
vessel. Every one has noticed tliat on a warm cloudy day 
more waiter (‘ondonsos on such a vessid thiiii on a (dt .if 
cool day. The water vapor present in the air has an 
iinp(n*tant ehect on man. The inhahitants of couiitiit s 
wdth moist climates a|)par(mtly have characteristics wldcli 
are not <^enerally met with in those who inhabit countiirs 
with dry (dimates. The diilerencc', in the effects of moist 
and of dry air on an individual is well known. 

^Vhen air wdiich is charjjjcMl with wnater va[)or coinos in 
contact with cooler air, the vayxn* condensers and falls as 
rain. 

The method em])loyed for the purpose of ostimatiiij:,^ 
the (piantitv of cairbon dioxide in the air consists in draw- 
ing a known volume of air over something which has the 
pow(U‘ to absorb the carbon dioxide^, and then deteriidn- 
ing th(^ increase; in Aveight of the; absorbing substaiio'. 
Pot.assium or sodium hydroxide is well adap)ied to (his. 
An apparatus has beam (•onstrinded in wdiich liariuiu 
hydroxide', IkgOll),, is used as the absorbeiit. When 
carbon dioxide is [sa,ss('d through a solution of this suh- 
stance; insolubh; barium carbonate, EaCOg, is thrown 
down according to the ecpiatiou 

Ba(OH), + CO, EaCO, + H,0. 

This may be filtcu’c^d oil and wcdghc'd, and tin; c|uaidit\ 
of carbon dioxide; estimated from tlie results ; or, d 
knoAvn (juaiitity of tin; hv<lroxi{le is takrii, the (|uaiitil) 
h'ft unacted upon after tin; expc'riment can lie (l('l(‘niiiii'‘'l 
by neutralizing with an acid, tin' nmitralizing po\v( r of 
which has previously bc'c'ii (h'tc'rmined Avith (*an'. 1 1" 

(juantity of carbon dioxide; ])i’(‘S('nt in the; air is rt'lati\‘ l\ 
very small, being about ‘1 parts in 10,000. It Aaih^ 
slightly according to the; locality anel season, bih'r 
greater in cities anel in summer than in the counti N 
in Avinter ; and greater in Avarm ceiuntries than in » oM- 
it is as essential to the life of plants as oxygen is to Ihc 
life of animals. 
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Jt not an easy matter to determine tlie quantities of 
(]io oilier constituents of the air, as the ammonia, oi-f^anic 
mihsiauces, etc., though there is no difliculty in deter- 
jiiiiiiug that they are present in very small quantities. 

Tlie relations of the air to the most inqxu’tant cliemical 
(•jiuages Avhicli are taking plaoe, upon tlui cairth form one 
of the most interesting subjects for all men. We have 
liad a slight glimpse of the action of oxygen, and of that 
of (‘arhon dioxide ; both are essential to the life of plants 
and animals. 8o, too, the water vapor acts ch(‘niically 
plants, and probably to some extent in the res])ira- 
tioii of animals. As regards tln^ nitrogen, this element is 
fiiMjucntly referred to as inert, and as serving the jinrpose 
of diluting th(‘> oxygen. Inert it undoubtedly is, and 
there is also no doubt that it dilutes the oxygen, but 
th('S(' stat(‘ments give a very inad(Hjnate conce])tinn of 
tlie important part ])layed by it in tin' ]UT)cesses of nature. 
Nitrogfui in some form of combination is an essential 
( oiistituent of ])hnits and animals, ddie aniunds get their 
iiitrogmious coniponnds from tin' [ilants, and the ])laiits 
,uet tlndrs ])artly at least from the soil. Jly the gnnvth 
of plants, tln'ix'foie, nitrogenous coiiqiounds are con- 
stantly being witlnb'awn from the soil. Whi'ii plants 
and animals uinh'igo d('conip(»siti<>n in tin' soil, the nitro- 
gen eoutaiiu'd in them is gi-adually convei-t('d into salts 
"t nitric acid or nitrates, and if the dc'conqxasition takes 
plaei' in tin' air tin' nitrogen is coinv'rted ]nineipally into 
ainnioiiia. Hotli in the form of nitrat<'S and of ammonia 
die nitrogen can Ix' utiliz('d by plants, so that if the 
plants ainl animals which have n'ceivt'd their noiirish- 
aieid trom a certain tract of land should Ix' all()W('d to 
(h'cay upon this land aft('r death, and tin' ])rodncts thus 
ha nn'd should be uniformly distj*ibut('d in the soil, the 
latti'v would not become exhaust('d. Ibit the jiroducts 
ef tli(‘ soil are rt'inoved, and, then'fore, tin' nitrogen Je- 
'laiti'd for the growth (d’ otln'r plants is rc'inovi'd, and 
die soil beconn'S un])roductive. Tn order that it may bo 
i'einh'red fertih', again, the lost introgen must be sup- 
pled. It appears from recent very elaborate experi- 
^iK'iiis that the plants have the power to take up from 
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the air a part of the nitrogen which they need. AVIk llit.f 
tliey take it up directly, or it is first taken up hv tlie 
soil and converted into some compound which the i)laiits 
can utilize, are questions which apparently have not 
been answered satisfactorily as yet. It ap})ears possil)lo, 
further, that in this absorption of nitrogen from tlm 
air certain minute organisms which exist in the soil |»laY 
a part. 

Pure air may be defined as air which consists of iiitid. 
gen, oxvgen, and carbon dioxide in the proportions statnd 
above, together with some water vapor, ammonia, liy. 
drogen dioxide, and argon, and nothing of an injurioiw 
nature. It is evident from what Inis been said that tin lo 
is constant danger of contjimination from natural causes. 
The most common cause of contamination is the breatliiiio 
of human beings in rooms which are inade(|uaiol y sup- 
plied with air. The breathing proctms involves the usin^ 
up of oxygen and the giving off of carbon dioxide and 
small quaiititiesof organic matter which is undergoing do 
comy)osition. If the quantity of oxygen is reduced ladew 
a certain limit the air l)ecomes unfit for breathing ]iur- 
poses, and evil effects follow. An ordinary inhalation 
will not tlnm he sufiichnit to supply the blood witli Urn 
oxygen necessary to }>ui iry it, and tln^ system will h(\giii 
to sutfer. Headache, «lrowsiness, and a gemvral sens(' ol 
discomfort follow. Tln‘ ill (dlccts of bnmthing tln^ air of 
a badly vamtilatcMl room occupiial by a numlx'r of hmiinn 
bidngs a])])ear to be due for tin' most [)art to tin' pros- 
enc(^ of tin' small (piantities of (h'composing orgaidc mnt- 
ters which are given olf fi’om tln^ lungs Avith the carbon 
<lioxido and other gases. Idiesc^ act as jnnisons. \ In v 
have been thrown olf from the lungs because they am 
unfit for us(3, and wlnui they are taki'ii bacdv again tin- 
normal ].)rocesses of the body are interfered Avith. Hn' 
subject of ventilaiiou has bf'i'ii so thoroughly discussed 
of late years that great im])rov<‘ment has been in idn 
in the arrangements for su])])lying ])ure air to dwellinn 
apartments and audience halls, but there is still room iui' 
improvement. Fortunately, in most buildings there 
one source of supply of pure air Avhich is indepeiuh'ut 
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architects* plans. This is tlio diffusion of phases through 
fhe porous materials of whicli the buildings are con- 
stnicted. This dillusioii was referred to under the head 
of Hydrogen (see }). 45). There is also a good dejil of 
vejitihition through tlie cracLs and other a])ertures whiedi 
are always to be found in our buildings. 

Under some conditions not thoroughly understood the 
air liecomes contaminated by the decomposition of ani- 
mal and vegetable matter. Air thus contaminated may 
(■iius(^ specific diseases, and some of these are spoken of 
us lu'ing caused by malarm^ a Avord which signifies sim- 
])ly ])ad air. It has been sliown that tliere are in the air 
micr()sc()])ic germs Avhich have the ])ower to develop in 
the body, and then to cause the sym})toms Avhich are 
referred to malaria. Disease germs and germs of other 
kinds are present in the iiir in great variety, and tliey 
pliiv an important part in connection with the life and 
Leal til of mankind. 

Argon. — Lord liayleigh has shown that a liter of nitro- 
gen ])repared from the air liy abstracting the oxygen and 
the small (juantities of otlun* substances known to be 
present weighs 1.2572 grams, Avhile a litre of nitrogen 
made from some (diemical compound, such as ammonia, 
weighs 1.2505 grams. Chemically prepared nitrogen is 
lighter than that obtained from the air. This observa- 
tion led Lord Kayleigh and W. Ivamsay to a more 
thorough chemical examination of the air, tlie result ol 
which was tlio discovery of a eonsiitiuuit previously un- 
Iniowii. ddiis is the gas argon. It can 1)0 obtained hy 
^'itlno' of two m(dhods : (1) lly jiassing air over heated 
nntil all the oxygen is abstracted, ami then over 
i'*‘-d(Ml magnesium which unites with the nitrogen but 
t'av('s tlio argon; (2) l>y mixing air Avith oxygen and 
passing electric, spaiks iiirough the mixture. Tlie oxygen 
inid nitrogen combine and the ])roduct can easily bo*re- 
5nov(Ml. After all the nitrogen has thus been removeil 
argou remains behind. Argon is an element Avitli the 
^foiuic Aveiglit about 40. It is present in tlie air to the 
^^^tont of about 1 per cent of the nitrogen. It cannot be 
iiiado to combine Avitli any otlier element. 
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COMPOUNDS OF NITROGEN WITH HYDROGEN— WTIMI 
HYDROGEN AND OXYGEN— WITH OXYGEN, ETC. 

• 

General Conditions which give Rise to the Formation of 
the Simpler Compounds of Nitrogen. — Wo liavo soon tliat 
nitrogen is an inaotivi^ oleniont, sliowing little tcnnhMuo 
to ooinbine with other ('hniients. Jt is nevertln'less an 
easy matter to get eoinpounds of nitrogani with nianv 
other olennnits, and among tln^se (‘om])oiinds, sonir ol’ 
thos(' whieh it foi’ins with hydrogam and oxygani ai'(‘ ol 
much importance. 

AVhon a(a)mpouiid wdiicdi contains carbon, hydrogen, and 
nifi'ogen, and i« not volaiih*, is lenitiMl in a closed V('ss(il, 
so that the. air does not have aiua^ss to it, the nitroia i 
])asses out of th(‘ com])onnd, not as iiiti’ogani, but jaaitl; 
in (‘0]id)ination with hydrogen, in tlie form of tin' com- 
pound (niDunnid. Nearly all animal substances coiilaia 
cai’l.)on, hvdrogmi, oxygi'ii, and nitrogen in many forms 
of coml)ination, some of whi(di aia' cpiitc' com])Jicalo(l. 
^lan V of thes('. giv(‘ off ammonia, wln'ii In'aUnl. Similarly, 
coinjxninds containing carboii, oxyga'ii, and hydrogmi, 
even though tlnyy are thoroughly dry, wlit'n lu'ated gi\t‘ 
off oxyg(ni in ('ombination with hydroga'ii in tlu' form <>1 
water. Botli these kinds of (h'composil ion, that wliirli 
gives ammonia and that whi(*h gives water, arc' to Ix' 
ascribed to the fact that tin' com])omids of carbon wlm li 
are heated are unstal)h‘ a,t higher t('nipei'atur('S, ami 
wdien they are broken dowui thii ehunents contaiaixl 
in tlnun ai'range thiuiis(‘l ves in coml)ination in sl.d'lr 
forms, such as the conn)ara,tively sim))le com])on!als, 
water and ammonia-. An illustration of this kind 
action Avas refeiuaul to in s])eaking of the pre})aratioii of 
nitrogen by heating ammonium nitrite. Tliis compoaiul 
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|)ioaks down very easily under tlie influene.e of Leat, tlio 
liyili oj^en and oxyj^en combining to form the stable eom- 
])jiiiid water, while the nitrogen remains uiieombined. 
Some animal substances, as, for examph‘,, uriiu', give oil 
aiiimonia when th(‘.y undergo spontaneous (hu‘()m])osition 
in the air. This decomposition is generally, il‘ not always, 
Jur (o th(i action of minute organisms, the gcumis of 
wliicli are in the air, Avliich develop when they come in 
rDiitnct with ccrtaih substances. The coal which is us(h1 
for niahing illuminating gas contains soiiu^ hydrogen and 
iiitiogeu in chemical coinbination, and wlnvn tlu' coal is 
lii aled ammonia is givtui oil* Avith tlui other products. 

A\’lnni animal snbsta.uc(m undergo de('<)mposition in 
the presmice of basic, com])ounds Avhen.*, tln^ tennperaturo 
is (‘()m])aratively high, tln^ idtrogam combiin's with oxygen 
and Avilh the metal of the base*, hatlun* a. salt of nitric 
acid, IINO^, or of nitrons acid, UNO.,, is hnimnl. In 
some countries whei’e tln^ conditions aiao faxorabh' jo tlio 
])r()C(ms, immense cpiaid ithm of nitrattm ai<' found, (ddcdly 
])otassium nitrate', lvN(.).„ and sodium nitrate, Na\()^. 
Niti’ates areg hoAvever, found eveiy wlu'ia' in the soil. The 
<iiaiig(' of animal and vegetabh'. niti'ogc'nous sul)stances 
to tint form of nitrates is probably causc'd by the action 
of minute living oi’ganisms, which are found eA'ervAvhcire, 
and servo an impoi'tant ])urpose in c'onverting the Avaste 
Minimal and vegetable matter into sim[)lo c.ompounds 
'wliicii can be utilized by ])lants. How they etlect the 
oliaiigi' is not hnown. From the sa,lts of nitric acid 
Avliich are found in nature, nitric acid itself can easily ))e 
made. 

Nearly all the compounds of nitrogen Avith Avhiidi Ave 
liavt' to deal are made cither from ammonia or from 
"iti'ic aedd. 

Kelations betAveon tho Principal Compounds of Ni 
tro^on.— Ill studying the conpnmnds of sul])hur, Ave saxV 
^^oit whemnau* a com])ouud of suljdiur is oxidi/c'd Avith a 
di'iiig oxidizing agent the final product of the action is 
^"l|diuric acid, and that, on tln^ other hand, undc'i* the 
iMtliKMice of strong reducing agents these compounds 
}^'dd hydrogen sulphide as the linal product. 80 also 
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the limit of oxidizing action in the case of chloriiu' is 
perchloric acid, and of reducing action, hydrochlojic 
acid. The other conipounds of sulphur with hydionoji 
and oxygen are products intermediate between the two 
limits, sulphuric acid and hydrogen sul2)hide, as t]i(3 
other compounds of chlorine with hydrogen and oxygon 
are intermediate between hydrochloric acid and jxr- 
chloric acid. The limit of reduction of nitrogen oom- 
2:)ounds is ammonia, NII^, alid of oxhlation, iiitrict acidj 
HNOj. As has been noticed, the valence of jutrcgoii 
towards oxygen is greater than it is towards hydrogoii, 
but the ditlerence is not as marked as in the case of the 
members of the chloriiui group, and in that of the sulphur 
group. Its hydrogen valence is d, its maximum oxygon 
valence is o. For reasons similar to those which linvo 
already been discussed uiidm* the head of Hydroxidos, 
th(3 oxidation products of ammonia are believed to liavu 
their oxygen in combination with hydrogen in the form 
of hy'droxyl, so far as these two elemeiits are 2)res(nit 
ill the right proportions to form this group. If tliin 
is true the iirst p)roduct of oxidation of amiiieiiia 
would have the structure represented by the formuhi 


N 


OH 


|h 
(h 


A compouiul of the composition represented l)f 


NH3O is known, and it is believed that it has the al)OY0 
Btructure. The next product of oxidation formed by the 

( OH 

same jDrocess would have the formula Nd OH. No siuli 

compound is known, however. If a compound of tliiJ^ 
structure should lose water the ])roduct would have tlio 
composition NOH, and probably the structure 0=N H. 
A compound of the composition represented by 
formula is known, but it seems probable from its con- 
duct that the formula should be doubled, N.,0,,H,„ niicl 
that in the compound there are two hydroxyl grou2)s, hs 

N-OH 

represented in the formula || . Continuing the pro 

N-OH 

cess of oxidation of ammonia, the next product whicl* 
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^ve should expect would be the trihydroxyl derivative 

( 

K- OH. Salts derived from an acid of tliis composition, 
I ()H 

wliicli should be called normal nitrons acid, are known, 
hut tliis normal acid breaks down readily by loss of water 

into an acid of the formula N | or 0=N-0-H, 

which is the acid from which neaVly all tlie nitrites are 
(lei'ived. By continued oxidation the (piinqiiivahuice of 
the nitrogen makes it possible to add another oxygen 
■atom to the molecule of nitrous acid, and thus to form 
the linal product of oxidation, nitric acid of the structure 
0 


N-O-H ; or, if the oxidation takes place in solution, it 

I! 

0 


is probable that the final product is a hydroxyl deriva- 
r OH 
OH 


tive of the structure N \ 


OH, which should be called 

OH 

OH 


normal nitric acid. There are some salts known which 
are derived from an acdd of this composition, but most 
of the nitrates are derived from an acid which is formed 
from this by loss of two molecules of water : 


N(OH), = NO,(OH) + 2H,0. 

It is impossible at present to furnish satisfactory evi- 
dence in favor of the views just pointed out. All that 
can he said is that the views are in accordance with a 
niiMiber of facts, and that they simplify the study of the 
relations of the compounds. 

When nitric acid is reduced, of course, the above pro- 
cossos must be regarded as reversed. Thus, the first 
result of the action of nascent hydrogen upon nitric acid, 
example, would be the elimination of one atom of 
^>xygen and the formation of nitrous acid : 

NO.COH) -f 2H NO(OH) + H,0. 
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The next result would he the formation of the compoiinrl 
N(OH) or ; the next tlie formation of the (oni- 

pouiid NIl 2 (OII) \ and finally this would he convoi tfxl 
into amnioiiia. Hut the matter is complicated by tlie 
fact that some of tlie compounds referred to above bienk 
down into water and oxides of nitrogen. Thus, nitrous 
acid, NO(Oll), breaks down into water and nitrogen tri- 
oxide or nitrous anhydride, N^Og ; and the compound 
N,() or liyponitroiis acid, breaks down into water uiul 
nitrous oxide, : 

NA + H,0; 

NgO + IlgO. 

Further, there are some com])ounds of. nitrogen jiiid 
oxygon for wliicli tlnn-e are no analogous livdroxyl coni- 
poumls known, as, Tor (‘xain])le, NO and NO,, or N,,0,. In 
tliese compounds jdtrognui aj)[)('ai*s to lu^ bivabuit ;nul 
quadrivalent, wdiihi in nitrous o\i(l(', N O, it a]>])('ars to 
bo uiuvaleiit. Only tliosc^ oxygnm coni pounds of iiitro* 
ao.n in wdiicli tlie nitrognm is univalent, tidvad(Mit, or 
(|uiii([uiva.lent ;ip|)ea.r to form corres|)onding liydrexyl 
compounds. T.aking the simph'st view of tli(> mnttor 
nitrogen appears to be univalent, bivalent, trivahnit, 
quadrivalent, and quinquivalent towards oxygen, ns 
shown in the compounds 

NgO, NO, NgOg, NOg, und NgO,. 

Corresponding to nitrous oxide, NgO, nitrogen trioxiikj 
NgO.„ and nitrogen pentoxide, Ngb)^, there are hydroxyl 
derivatives which have acid properties : 

NgO + IlgO - N.XOH)g ; 

NgO, + HgO 2N()(OH) ; 

+ HgO r:- 2NOg(OH). 

But there are no hydroxyl derivatives corresponding 
to those oxides in which the valence ap])ears to he 2 nnl 
4. Considering the ease with which those hydroX' 


j O “ 

N(OH) 
N(OH) “ 
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ides oi nitrogen break down 'wbicb contain two bydroxyl 
groups in tlie molecule, the fact that hydroxides of tlie 
formulas and K(OH)^ do not exist is not sur])ris- 

ing. We should expect them to break down spontane 
oLisly into NO and NO.^. 

Tlie Jiiethods by whiidi it is possible to pass from one 
of the oxides or hydroxides of nitrogen to the other will 
1)0 ])()inted out below. A tabular list of the compounds 
is lirst given : 

Oxides. Acids. 

Nitrous oxide, N ,0 Hyponitrous acid, N./OH), 

Nitric oxide, N()(N,/.),) Nitrous acid, N()(()H) 

Nitrogen trioxide, ) q Nitric acid, NO,^(OIk) 
(Nitrous anliydrido), j " ^ 

Nitrogen peroxide, N().^(N30«) 

Nitrogmi pentoxide, \ r\ 

(Nitric anJiydride), j “ ® 

Besides the above there are the basic compounds, 
hijd r(>.ryhn)ii>i(’, NII.tOII), amnioniif, NTT^, and hydrazine^ 
NJf, ; and with water ammonia probahly forms the 
livdroxiih' NH^(()H), wiiicdi is a base. In adtlilioii to 
tlu'se, tlu'r(‘, is a compound of nitrogen \vitli Ijydrogim of 
till', formula N\ 1 L. dTiis is a strong acid. (Sei^ Tria/oic 
Arid ) And of the same composition as hyponitrous 
arid but dilfering from it in properticis is nd nomde^ 
the relation of which to hyponitrous acid is md 
Jet (piite deal’. 

b ith the nuMiibers of the chlorine grou}) nitrogim 
ferins a fiov compounds which are charaidiuiziMl by 
iiiai kcd iiistalulity. !So unstable are they that thtyv ex- 
plode violently when simpily touched. Thi^ chloimh^ ol 
iiitiogcui explodes with terrilic violence when the diri'ct 
lavs of the sun aie jillowed to shine upon it. A\ ith sul- 
phur, nitrogen forms two comjiounds. AVith sulphur, 
hjdrogcui, and oxygen, however, nitrogen forms a number 
compounds, one of which has already been referred to 
■m connection with the manufacture of sulphuric acid, 
lids is the so-called nitrosyl-sulphuric acid xvhiidi is 
fermed by the action of a mixture of the peroxide, NO,, 
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and the monoxide, NO, on sulphurous acid, oxygen, uutj 
water. 

In studying tlie compounds of nitrogen, it will be Lost 
to begin Avitli the end products, ammonia and nitric acid. 

Ammonia, NHa. — The conditions under which ainnionia 
is formed have been mentioned. The chief sourc(^ at 
present is the “ amniojiiacal liipior” of the gas-w orks. 
This is the winter through w liich tlie gas lias been passial 
for the purpose of removing the ammonia, audit contains 
ammonia, or ammonium hydroxide, ^TI^(Oli), in solu- 
tion. By adding hy drochloric acid to tliis solution tlu' 
salt a))i)nonuun ddoride, Nll^Cl, is hjrnied. This is tlio 
wmll-know'ii substance (ninnonuw. It ayipears tiiat tliis 
name has its origin in the fact that common salt or 
sodium chloride, NaCI, was formerly called ml arnantid- 
ciun, and that aftei-ward, through a misuiulerstaiidin>;, 
ammonium chloridi'. cairn' to be known by the sanu' nanu 
which iinderwent changi' to tlii'. form snJ iuiunoniunnn ^ oi 
sal ammoniac. AVheii tlie ammoniacal li(|uor is tri'ctial 
with sulphuric aei<l, ammonium sultihate is fornn'd. 
From one or the other of these salts it is a simph'. mattn 
to obtain ammonia. For this purpose it is only necessarv 
to treat the salt wdth some sti-ongly basic (‘ompound, as, 
for example, potassium or sodium hydroxide, or calcium 
hydroxide. Thus, when a solution ol’ jiotassium liydrex- 
ido is poured on ammonium chloride or sulphati' the 
strong penetrating odor of ammonia is at once noticed. 
The first reaction proliably results in the formation el 
ammonium hydroxide, thus : 

NH,C1 +KOH + KCl ; 

(NH.hSO, + 2KOH 2NH,OH + K,80, ; 

2NH,C1 + Ca(()H), = 2NH.OH + Ca(d, ; 

d- Ca(OHh 2NH,0H f CaSO,. 

But the ammonium hydroxide breaks down very readily 
into water and ammonia, which escapes as a gas : 

NH,0H=:NH, + H,0. 

Further, ammonia can also be made by bringujg 
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iinscoiit iiitrop;en and nascent liydro^en toj^ctlicr, as, for 
i^xample, l)y heating a niixtnro of iron filings, p()tassinm 
iiKiatcs and potassium hydroxide. Under tlieso circuin- 
st:ui(‘(‘S the iron sets liydrogcm free from tlui liydroxide, 
;iiid nitrogen from tln^. nitrah', and tliey unite to 
form ammonia. The formation of ammonia by rediu'tion 
of iiitri(i acid can Ixi sliown by tr(‘ating some grannlat(ul 
/iiic with dilute sulpliui ic- acid, an<l wJiile the action is 
ill progress adding nitric acid drop by drop. Tlie niti icr 
acid is thus reduced, and tlie ammonia, whicli is fornnal 
remains in combination with tlie sulphuric acid as ani- 
iiioiiiuin sulphate. Other interesting modes of formation 
of atntnonia. ar(‘ by th(‘ action of (deotric sparks on nitro- 
gm in tlie pri'smice of water, and, in geiuu’al, liy the 
evaporation of watm* : 

N, + ^2Hp = XH,NO,. 

ddi(‘ ])roduct atnifionifini nit rite is always found in the 
ail' ill small ([uaiitities. 

la tlH‘ laboratory ammonia is jirepared by treating 
aiiimoniiini idiloride with shikial lime <n' cah'ium hydrox- 
ide. ddn^ two are' niixe'd in the* |)ropor(ion eof t^\() parts 
(d slake'd lime to one^, of aninioniuiu eddeiriehg ]>lac(Ml in a 
tlask and geuitly heateel, when the' ammonia is giyeii off 
at once. 

It is fi’eipiently more conyenie'nt to heat a strong 
apnooiis solution ol ammonia, such as is feninel in eve'i y 
aluMtiical laboratory. Suedi a, solution when gently 
iii'ali'd re'adily giyis ott ammonia.. 

Ammonia is a colorless, transparent gas with a yery 
P''iietrating, ediaracteristic oelor. Tn eauicentrated form 
d eanses sutldcatioii. Its sjiecilic grayity is 0.589; that 

to say, it is but little more than half as heavy as air. 
d li((‘i' of the gas umh'r staiielard conelitions weighs 
d.7i),k) gram. It can easily be compresseMl tei the liepiiel 
for It I hy pressure and cohl. AVhen the pressure is re- 
""’^ 0(1 from the liepiefied ammonia it passes baedv te) the 
ioi hi of doing it absorbs a great deal of 

'" ■d. Tliese facts are taken advantage of for the arti- 
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ticial pre^^aration of ice. This application will bo cleuT 
from the following explanation and Fig. 10 . 

An acpieouK solution of aininonia saturated at 0 is 
brought into the strong iron cylinder Ay and then gc'nil ,- 
wariiied, whihi the vessel I> is cooled l)y cold wmIo. 
Tlie gas givcni oir from passes though the bent tuiu s 
into By wliere it is condensed 
to a liquid. The cylinder 
A is now placed in a ves- 
sel of cold water, and the 
water which is to be frozcm is 
])hiced in a cylimhn- />, and 
this into the hollow space TJ 
in the vessi'.l />. The li<[ui<.l 
ainnionia })asses ra])idly into 
th(^ f' rin of gas which is ab- 
sorbt'd in the water in 
while at the same tinu' so 
much heat is absorlxsl that the water in D is frozen. 

Ammonia does tiot burn in the air, but (hx'S bmii in 
oxygen with a j)ahi yellowish flame. Tt is absorbi'd hy 
water in vcny large tpnintity. One volunie of water :it 
the( ordinary temp(‘rat lire dissolves aliout (iOO volunies ef 
ammonia gas, and at d' about 101)0 volunies. The siili- 
staiice with wddch we commonly havi^ to deal muh'r ili<’ 
nann' of ammonia is a soluiion of ammonia in watei’. It 
is (‘alh'd “ s[)irits of hartshorn” in common language. 'I'li'' 
solution has th(‘ odor of th(‘ gas. It loses all its gas wlu ii 
heatiul to the boiling tenqx'ratnre. d'he solution shews 
a strong alkaline ri'aclion, and has the power to neiili;il' 
ize acids and form salts. TTie conduct of the soluiieii is, 
in fact, strikingly like, that of sodium and ])otassiu]i) 
Jiydrox.id(‘S, and it is Ixd.if'viMl tlnit in the solution IIk I'' 
is containiHl a comjiound of the formula NH,(()1I), knewii 
as ammonium liydroxi<le, and formed by the diri'ct aelieii 
of ammonia upon w^ater. ff this is true, then the 
of ammonia upon acids is to be explained as fol]e\N^- 
Ammonium hydroxide is analogous to potassium hydie^^ 
ide, but ditrers from it in that it contains the groii)) '' 
atoms NH4 in place of the atom K. In some way 
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group plays in tlie salts fonnod l)y ammoiiiji the sunie 
part th/it the elementary atom potussium plays in the 
salts of })otassium, and just as the hitter are called i)otas- 
sinin salts, so the former are called a jnmoniiirn .sails. 
According to this the ammonium salts are salts wliicli 
coll tain th(‘ group known as tlie ammonium group, 

ill place of the hydrogen ol the acids. They are formed 
liy diriH-t combination of ammonia with the acids, or by 
IIk' action of ammonium hj-droxide upon acids. The 
analogy lietwtam tlie action of ammonium hydroxide and 
tliat of potassium liydroxide upon acids is clearly shown 
by the aid of the following ecpiations : 

]v(On) - f H(T Tv( T II./) ; 

NH/( )1 f) IICl =. Nil .01 + H ,( ) ; 

K(()H) +>!/); 

NH/OII) -I- UNO., NJI^T).. I 1 1 .( ) ; 

2K(0 FI) 4- - K. SO^ 4- 2H..() ; 

^NII/OH) + + 2h4). 

The formation of tlu^ ammonium salts l>v dii’ect action 
of aniiiionia, Nil.,, u])on acids is represented in the fol- 
lowing eipiations : 

NH 3 + H( M rr: NH/ 1 ; 

^Jl, I llNtO -zNJl.NO^; 

2NH3 I II ..SO, zzz (NHJ^SO,. 

riie strong ttmdenc-y of ammonia to coml)ine directly 
^'itli acids is shown by bringing two uncovered vessids, 
containing a solution of ammonia, and tlie otJier a 
-"'''lution of hyd]’ochlori(* acid, in'ar t'ach otlier. A d(nise 
doiid will at o]ice be notic(‘d, if tlie solutions are c('>ncen- 
^^■'h'd. Tliis is dm^ to tlie diiau-t combination of the gases 
^'liicli ('sca])e from tln^ solutions. 

^Oiile the assumption of tlie existence of the grou]) 
‘^|nin()ninni, NH,, in the ammonium salts is of great ser- 
in dealing with these salts, and while this assunip- 
to be entirely justified by the facts, no 
^^^inpoiiiid of this composition has as yet been isolated. 
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The lijiiiie .umiioniuni is •^iveu to the hy^xhlietiejil 
])oiiiul on neeomit of tlu‘ f;iet tliut it evidently plny.s Mu, 
]);irt of ;i metal lie element, and it is eustomary to j^ivo 
sneli ('h'lmmts names taniin^- in //on. AVhile, fnrtlua, it 
is ‘^•('iierally IxOii'vtal tliat tin' eomponnd ammoniiiin 
li\ dioxiili', is fonmal when ammonia diss(.I\,.s 

in waO'T, tin' eomponnd itscdf has nt)t betm isol;it(‘(|^ 
owiii;^- to its instal>ilily and tendeiiey to hrc'ak down i ito 
ammonia and wattax On the other liand, sonui v(‘i \ in- 
teresting' (h'rivativt'S of tins hydfoxiih^ haw; lasm isohiti d. 
T'h ere is one of tht‘st> wldeh is (halved from tlui hydrox- 
ides hy the n^daeaancajt of tins four liydro;^nai atoms of 
the ammonium by jj;rou})s of earl)on and hydro-cn 
atoms. This eomponnd is stabh^ and ean las isolatesl ns 
a hydroxide of tins oe^urial foiannla N 11,(0 1 1), Iji w liidi 
Iv^ repre^sents tin* ;ji;ronps of eai bon and liydrogen atoms. 
It arts almost (‘Xactly lilo* [sotassium hydroxide. 

Composition of Ammonia. - \\y oxidation under tlio 
prop(M' eonditions it is jiossihh* to convert tlie liydromn 
of ammonia into wati*]' and leaw* tin* nilro!^(*n in tin* fivo 
state*. .Vs wate'i- and nitro;^'en ar»* tins oidy jn'oducis 
formed, and tin* (pia^dity of oxy;^'(‘n used n[) in tln'oxidie 
tioii is (M[nal to tins quantity of oxy;j^<*n found in tlio 
xvatt'f fonneil, it folh)WS that nitro^eai and hydr()gen aio 
the oidy eleiin*nts e(»ntaiin‘d in ammonia. 

W ln'ii electiie sparks ares |)ass(‘d foi'somrs time tlirnueli 
a mixture of nitro; 4 en and hydi'o;L;(‘n, sonn* ainmoiii:i 1^3 
hnuned. Con V(‘rs(*ly, wln'ii electric sparks art* passed ier 
a tiiins thnni^li ammonia, niti();^(*n and hydro^x'ii am 
obtaiin*d. 

If, in tin* e>xidation >>f a. known Wi'i^^ht of amiiioiiia. tho 
water formed and tins nitro^(*n hsft uncoinbim'd at e am u- 
rately determined, it will la* found that in ammoJii;i tlia 
elements ares coml)iin*d v(*rv in*arlv in tins ])roporli"'^ 
fnnrimi parts htf irrltjlif of nit nxjin to three ports tnj lo nj/t 
of hydroifeii. Tui’tlier, tins inolecidar wtsipdit (letermi'i'd 
by tins method of .Vvoj^adn) is a])proximat(sly 17. 'I lx” ' 
fore, tins molecular formula of ammonia is MU,- 
atomic. w(‘i^dd. of nitrogen b(*in;^ 14. 

The proportion ley v(>luiins in which the two (*! 
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(•oiiibiiio can 1)0 detorniined by tlio following inetliod : 
A ^lass tube closed at one end and provided with a glass 
[^top-cock at the other is filled with pure chlorine gas. 
bv means of a small funnel attached to the open end a 
little of a strong acpieous solution of aiumonia is slowly 
introduced into th(3 tube. Keaction takes place at once 
between the chlorine and the aininonia, according to the 
tHpiaiion 


NH3 + 3C1 N + 3nci ; 


jiiid the hydrochloric acid uiiites with aininonia to form 
lunmonium chloride : 

3HC1 -1- 3NH3 = 3NH,C1. 

Tlie entire change is therefore represented by the equa- 

tk)U 


4NH, + 3Cl = N + 3NH,CL 

Hydrogen and chloriiu^ combine in (Mtual volumes, as we 
liave already li'anual. Now, if we start witli a measured 
Volume of chloriiu‘, and add ammonia to it until it is all 
ii|), we know that the volume of hydrogen which 
1ms evtracted from ammonia is eipial to the volume 
of oldniim) witli whi(di we started. If wo measure the 
voliiiiie, of nitrogen left over, know the volume of the 
iiilroL^tMi which was in combination with a volume of 
Jiydrogmi eipial to that of tlie chlorine originally taken. 
1 Ills »‘x perinimt has been tried rtquuiti'dly, and it has 
1^'' 11 toiiiid tliat the ratio of the volume of nitrogen to 
hi ll of the hydrog(‘n with which it was combined is as 1 
1'' d'lu; tulie boing full of clilorino at the beginning 
hii(‘ (!\pm'iment, it will be found to be omvthird full 
ol 1,1 Ik, 0(^11 tlio mid. VV/crc/oM', in o/ame/oa 1 volume 
•y iiilrtHjcti is coinhiiicd irifh 3 volumrs of Jufdroijt n. 

kic experiment just referrml to will jierhaps bo better 
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understood by the aid of tlio accompanying diagram. 
Tlio clilorine in tlio tube may bo represented as made 
up of three eipial ])arts or volumes. Each vehuna „f 
chlorine combines Avith an ecpial volume of hydiogca^ 
leaving the nitrogen uncombined. TJie volume of nitio- 
geu left is only one third of that of Uie chlorine, or for 
three volumes of chlorine there is one volume of nitiogim 


1 


vol. 

Cl 



1 vol. 

Cl 1 

combine 

with 

1 vol. 
11 

leaving 

1 vol. 

N 


■ 



1 vol. 


1 vol. 

Cl 


H 


Therefore in ammonia the gases nitrogen and hydiogoii 
are combined in the pro[)ortion of 1 volume of niiregeu 
to 3 volumes of hydrogen : 


1 voL 
H 


1 vol. 
H 


1 vol. 
II 


1 vol. 
N 


=■ Volume relations In ammonia. 


Another question in regard to the volume 
remains to be answered, and tliat is: When nitrog‘'ii (U>‘ 
hydrogen unite i i the proportions above stated, 
many volumes of ammonia gas do the fouir volum*'^ '■ 








AMMONIUM AMALGAM. 


tlu' constituents form? It is not possible to determine 
this by direct combination of the two ^ases, but am- 
iiioiiia can be d(a*omposed into its constituents by con- 
limuHl passaj^e of eb'ctric*. sparks throuj^b it. AVlien tliis 
is (lone it is found that after tlie d(‘com])()sition the 
oiiS(‘s occupy twice the volume wliich was occupied by 
tli(‘ ammonia. IlT appears, therefore, that wlnm hydroj^en 
ami nitrogen c()ml)iiie to form ammonia the volume is 
icdi'ced to one half, or, what is the same tiling, when 
tliii'c volumes of hydrogen combine with one volume of 
iiitiog(m the four volumes form two volumes of ammonia 
gas. 

Ilie above facts Imve. alri'ady been commented U])on 
in s{)(\aking of the comlunation of gas(‘s in general ; and 
it has IxM'ii shown that chlorine, oxygmi, and nitrogen 
(‘oinhim^ witli hydrogen in entirely dill’erent ways: 

(1)1 volume of chloriiK' comlum^s with 1 volume of 
hydrogen to form '1 volumes of li ydrochloric acid gas. 

i;d) I volunn‘. of oxygen combines with 2 vcdumes of 
liydrogen to form 2 volumes of water vapor. 

(•)) 1 volume of nitrogen combines with 3 volumes of 
hydrogen to form 2 volumes of ammonia gas. 

W hat th(' cause of thes(‘ difleiamci'S is we do not know. 
Ill soiiK^ way tln'se facds a.i‘(‘ diri'ctlv connected with the 
law of Avogadro that (Mpial volumes of all gases contain 
du' same number of mohumles, and with the power of 
th(’! atoms of chlorine, oxvgam, and niti‘og(m to combine 
^vith omy two, and three atoms of hydrogen respectivelv. 
WIUMI one atom of chloriiu^ uniti's with one atom of 
hydiogcn the la'sult is a nioh‘cuh‘. So also when one 
'doiii of oxygen unit(‘s with two atoms of hydrogen, and 
\'h('ii Olio atom of nitrogen unit('s with three atoms of 
liyd logon, the result in ixach case is a molecule, and, ac- 
coiiliijg t() the law of Avogadro, a gaseous molecule 
'\hi tlu'r it consists of one atom or a hundred at(uns oc- 
‘‘II pit's the same space. 

Ammonium Amalgam. — A verv curious substance 
^^hh li appears to consist of mercury and ammonium 
termed^ wlien a solution of ammonium chloride 
'i('ated with a compouinl of sodium and im'rcury 
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known aa .sodium amalgam. The action is thouglit tn 
take place tlius : 

‘2NH,01 + Na,Hg ‘2NaCl + (NH,),;Hg. 

The protluet, ammonium amalgam, is unstable, bi^ ak- 
ing down very soon into ammonia, hydrogen, ajid mm- 
cnry. It will be retbrred to again and* sonniwliai nuuc 
fully under the Inaid of jMcueury. 

Metallic Derivatives of Ammonium Compounds and ot 
Ammonia. — Ammonia acts upon a number of nudallit 
salts, forming with them complex (h'rivatives whicli in 
some cases appear to be ammonia, and in otheis am- 
nioiiium, in which oin^ or more* hydrogen atoms ar(' la- 
placed by metal. Thus imvrcuri<* chloride, HgCU,„ arts 
upon ammonia, forming a coni 2 )oun<l of the form ii la 
ligt.UNH.^. This app<'ars to be arninonium chloride in 
which two hydrog<m atoms are re|)lac(Ml by a. imucina 
atom, or as nuu’curic chloride' in which one cliloriim 
atom is replacaal by the gi-ouj) iSH.., known as tln^ amide 
group. According to the latter the structui'e of 

this co7n])ound is represented by tlie formula HgC^.^jj . 

Similarly, (topper chloi iih', (bi(d,„ forms a compound llie 
composition of wliiedi is re'pre'semteal by the foiinida 
( hi( d,,.2X Hr,j. Tt s(‘ems [)robabl(‘ that this is amnioiiinm 
chlorides in ^diiedi two hvdrogmi atoms are re[)la(M'd hy 

an atom ot co])])('r, ( ii < ^ Ij Lh(‘j-e are many sncii 

compounds, particularly of th(‘. medals meuamry, coj)]M r, 
eadaalt, ami ])hitinuni. The^ strue-tnral formulas above 
giveui are', to be regaialed me're'lyas suggestie)ns. kXpei i- 
inental evidence in favevr of them is laeddng. 

Structure of Ammonium Compounds. — In amme)nia m- 
troge'ii is unepu'stional)! y trivade'nt. kbit what takers pinee 
whe'ii amnnania ae*ts upon wakau’, upean h ydrochloiae* acid, 
anel u|)e)n aedds in gene'.ral ? What struedure is to 1"' 
ascribeel to the ammonium compounds? The vi(a\ 
generally helel is that in tlie ammonium com])e)unds ni- 
trogen is epiinepiivalent. Acce)rding to this, ammemia 
an unsaturated compeaund, anel when brought in ce)n(a' t 
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with water, liydroeliloric acid, etc., it saturates itself. 
The conception is represented thus : 


N 



H 

H 

1 H 

H + HCl rr: N 

H ; 

H 

It 


Cl 


fH 

H 

II 

H + 11,0 N 

H ; 

II 

rii 


[OH 

fn 

H 1 

1 H 

II + UNO, = N 11 , 

H 

1 H 


NO. 


Ill all the resulting' couipounds the nitrogen is believed 
to 1)(^ ([iiiiupiivaleiit, ft niiist be conh'ssed tliat, wliile 
this is a coiiveiiieiit hypothesis, furtlau* evidence tor or 
aj^aiiist it is desirable. One olvjection \yhi(“h may l)o 
raised to it is tliis. It is assuim'd that wlum tlu' stablo 
(.‘oiiipound hydrochloric acid acts upon ammonia tin* 
hydrogen separates from the chlorine and botli eoml)im' 
witli nitrogen ; l)ut for nitrog(‘n alone ehlorim' has v(My 
little attraction, ddiis objection may not Ix' a real om\ 
It niay be shoAvn that, while (diloihie has tor nitrog(m 
alone very little attraction, it Inis gi-eat attraction tor 
nitrogen which is in combination with hydrogtm. 

Ilydrazino, N.:H 4 . — A com])ound clos(dy ladated to am- 
uionia and ammonium has recently been ])re])ar(Ml hy a 

>111 plicated method which cannot be explained lime. 
1 liis is hnowai as hydrazim'. Its composition and mo- 
Ircnlar weight are represtmtial by the formula N JT,. A 
huge number of derivatives of hydrazine are known, and 
li.ive been studied exhaustively, hroin what has Ix'en 
h iriied in regard to them it appears that the constitution 

NIT, 

‘ i liydraziue is represented by the formula • Accord- 
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ing to this it Lears to ammonia a relation similar to riiat 
which hydrogen peroxide is Lelieved to Lear to water : 


OH, 

NH, 

OH 

NH, 

(I)H 

in,. 


Hydrazine is a litpiid that Loils at 113'^.5 in a curreiii 
of hydrogen. It acts uj)on acids inutdi as ammonia does, 
forming tlnj liydiazine salts. 

Ilydroxylamine, J^Hn(OII). — This compound is pre- 
pared by reducing nitric aci<l : 

NO,(( )II) d - r>H = NII,(OH) + 211,0. 

It can also Le pn'panul by reduction of nitric oxide; 
2NO d (‘)H 2]NH,{011). 

Hydroxylaniine is a solid consisting of leaflets or hard 
needles, it melts at 33". 05, and l)oils at 58” under a 
pressure of 22 mm. AVheJi the wat(‘r solution is (evap- 
orated, both ammonia and liydroxylamine pass over ’witli 
tin' water, its salts are easily obtained by treating tlie 
solution with acids : 

N d- HOI N]L(OHHn ; 

NH,(OH) d- UNO, : . Mi,(( ) H)N03. 

From the method of formation and the composition it 
appears that th(‘S(5 salts an^ ammoiiiuni salts in wliicli 
one hydrogen of the ammoniuin is n^jdaced by hydroxyl. 
They should thercd'ore Le called liydnuiflnmimoniiiia sulls. 
One (d th(i most charaidi'ristic properties of hydroxyb 
amine is the ease with which it l)reaks down into ammonia, 
nitrogen, and water : 

3NH,0H = N, d- Nil, + 3H,0. 

If Lrought in contact with compounds capaLle of rediio 
tion, it reduces them, the nitrogen in these cases gener- 
ally coml)ining xvith oxygen to form nitrous oxide, ^,h). 
The reduction of cupric oxide, CuO, takes place accoixh 
ing to the ecpiation 

2NH,(0H) d- 4CuO = N,0 + 2Cu,0 d- 3H,0. 
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By nascent hydrogen liydroxylamine is reduced to 
iiininonia. 

Triazoic Acid, NsH. — This compound, which is also 
called hydrazoic and hydronitric <tcid, can be made by a 
iniinber of reactions involving the use of complex organic 
snl)stances. A simpler method consists in passing am- 
inonia gas over heated metallic sodium, and then passing 
iiitious oxide, Nd), over the resulting product, which is 
sodium amide. The following rea(dion takes place; 

NH,Na -I- N,0 = N,Na.+ H,0. 

By dissolving in water the sodium salt thus formed, 
treating with dilute sulphuric acid, and distilling, a solu- 
tion of the acid is obtained. The com])ound is a color- 
less liquid that boils at d7^. It has a fearfully penetrat- 
ing odor, and Y)roduces bad etY(‘cts upon one who inhales 
it. it is a strong acid resembling hydnxrhloric acid. It, 
as well as some of its salts, is (‘xtrinnely e.x])losive. Its 
ariiiiioniiini salt formed by direct union with ammonia is 
interesting as it has the composition N,N.H\ or N^Ii^. 

Nitric Acid, HNOa. — This im portant chemical com])ound 
was lirst made, though not in [)nre condition, about the 
ninth century by distilling saltpeter, copper sulphates 
and alum. The name nitric acid has its origin in the 
fact that tlie compound is I’ornuHl from nibn*. In (iennan 
il is called Sal iHlermare^ whicli literally translated iit> 
salipder acid. It has already bemi stated that the salts 
of this acid, particadarly the 2 )otassiuni and sodium salts, 
occur very widely distributed in the eai'tli, and that thei'o 
is a great accumulation of the so<lium salt in South 
Anuuica, Avlnmce the name Chili saltpeter. AVh(‘rev(U’ 
organic matter, particularly that of animal origin, under- 
g<'(‘s spontaiK'ous decomposition in the pn'esence of basic 
siibstanca^s, nitrates are formed, ])robably in consequence 
ot the action of an organism known as the iiitrifyimj fer^ 
iiinii. This process of nitrification has already been le- 
h'l ied to in a general w'ay. It is one of great importance 
lot; the welfare of the human race, and indeed of most 
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living beings, as by its aid the useless nitrogenous sal) 
stances of dead plants and animals are conver[(al 
into the nsefnl nitrates wliich in the soil aid tln' |)io. 
cesses of ])l;int growtli. 

Nitric acid (*an be f(’>riiied by tlie action of eloctiii^ 
sparks on niti’ogen and oxygen in tlie presence of 
It is also (aasily foi-iiK'd by the action of oxidizing agf uts 
on aniiiioiiiniii compounds. 

Nitric a(‘id is always ])repared by treating potassiiim 
or sodium nitrate with concentrated sulphuric acid. Wlim 
sodium nitrate is trontcd witJi sulphuric acid action takes 
phico thus : 

NaNO, + ^ Xa idSO, + HNCl, 

The salt foi Jiied in this way is primary sodium sul])Jiate, <ir 
acid sodium su][)liate. Jf suflicient of tlie salt])(der is 
2)resent and the temperatuj-e is I’aisc'd, a second reaclioii 
takes place, rcssulting in tluj formation of jiormal sodiiiiii 
sulphate : 

NaN( )3 -I - NaHSO, rr: Na,SO, - | - HNO^. 

But the temperatuia^ laujuired for this reacdion is so high 
that a considerable pa.i*t of the nitj-ic acid is d(a*omposc(h 
In tlie ])reparation of nitric acid, tlnuefore, tlie first re- 
action is the one uscmI, and for tliis ])ur[)()se the snli- 
staiices are Ijrought toga^tlun- in a. r('tort in the jiropoi tioii 
of their molecular weights (about eipial weights), ami 
the retort g(uitly heated. The nitric, acid distils o\er 
slowly, and is comhuisiMl by cooliiig the riM-cuver. 

On tiu' large scale the a<*id is made by bringing ('hili 
saltjieter and coiK'entrahMl sulphuric acid together in cast- 
iron cylinders or retorts. 

Nitric acid is a colorless volatile litpiid. It liegins h* 
boil at 8()‘\ but at this tern jxu'ature it undei’goes parliel 
decomposition into nitrogim pciroxide, water, and oxyg( n • 

21IN03 2N(\ -I- ITfi -I - O. 

It undergoes the same change slowly when e\|)osod i ' 
the direct rays of the sun. In consequence of this <h 
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(.oiii])nsition tho clistHljito collocted in tlie niMnufacturo of 
]iit vie acid, and, in goneral, wlionovor tho acid is distillod, 
iilwavs contains a considevaldo ])(‘rc(‘nta<*o of water, and 
is colored more or less yellow 1 »y the niti’o^en |)('ro\i(h^ 
j)ics('nt. In order to abstract tlie water from ordinary 
niti'ic acid it is mixed with concentrated snl])lniric acid aiid 
slowlv distilled; but even under these circumstances the 
product is colored in cons(M|uence of some decomposition, 
;iud it also contains some wat(U-. \)\ conduct iii^- carlion 
dioxide gas through the gcmtiy waaMiu'd acirl the nitrogen] 
j)('i oxide' can 1)0 nnnoveul, and in tliis way an acid con- 
taining about V)9.5 per <‘eiit of tin', coni|)ound lliNO^ has 
ln>cn o\)t:\i]]ed. 

nitric acid is a vc'ry actixue substance chemically. 
Itgivi's up its oxygt'n re'adily and is itsedt thus renluced 
to otlu'r compounds of lutrogen and oxygen, or ol idtro- 
gcii, oxvgen, and hydrogen, as lias alrtnady Ikm'U [lointed 
out. AVhen it acts upon the nndals it forms nitrates, 
metal atoms Ixdng substituted for the liydrogen. Accord- 
ing to the conditions, nitrogen peroxide, ISO.., nitrous 
acid, HNOj, nitric oxide, NO, nitrous oxide, iN,/), ]dtro- 
g(Mi, h ydi’ox ylaniiiie, 7s 1 1 foil p and, liindly, ammonia are 
formed by reduction of the mud. ddnx formation of am- 
monia and of h vdroxylainim' liy reduction ot idtric acid 
1ms alreaalv Ix'en sjiecially reh'rred to. Of these reac- 
iions, that which gives nitric, oxide, NO, is the one whicdi 
(‘omiuonly talxes ])la('e on treating nu'tals with nitiic 
acid, ddie oxidi's NO, and N.,0, are themselves readily 
reduced to nitric oxide. 

If tlie eh'inent upon which the acid aOs has not tho 
powcu' to rej)lai'(? the hydi’ogeii, the action consists in 
"xidation. ddiis is shoAvn in tin'; action of sti'ong nitiic* 

• u id u])on tin, |)hos})horus, carbon, sul[)hui‘, etc. In c'acdi 
'■asi" the higlu'st oxidation-jiroduct is fornu'd. tin is 
' •mverted into normal stannicacid, Sn(OH), ; ])hos})hovus 
into phosphoric acid, PO(OH)., ; carbon into cai bon di- 

' xide, CO,; and sulphur into sulphuric acid, SO, (OH),. 
It disintegrates carbon com])ouuds very readily, conxc'it- 
iiig them intcA their linal ])roducts of oxidation. In con- 
tael with the skin it causes bad and dangerous Avounds. 
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Upon 801110 stable coii]|)oini(l 8 of carbon it acts /ojuim.* 
so-called iiit ro-coinpvnuls, very nincli as cliloriiK' acts 
Ti])on tlieiii forinin^^ clilorine substitution-products, as 
was exiiIaiiHMl under Clilorine. Tlio formation of a iiitio- 
conipound takes jilace as represented in tlie ecpiatiou 

CJl, b HO.NO, + 11,0. 


Tlie com])oiind CJI^ is benzene, and the ccmpouiul 
is nitro-benzene. 

The acid mostly use<l in th(‘ lalioratory has the specitlc 
<_!;ravitv 1/2 and contains />2 pi'i* cent nitric acid, UNO,. 
^.ITie commei-eial acid <*ontains alxnit 1)8 per emit of i lu' 
acid. 

W hen a mixture of nitric acid and wafer is Ijoiltal 
luiihu* th(' ordinary atmosplieih* ])ressure it loses eitlicr 
Avatm* or nitrii* acid until it contains (>8 per cent of (In' 
acid which ])ass(‘s over, dfiis do(‘S not coriA'Spoiid hi 
any definite hydrate of nitric acid, th()up;h it appro'h^ 
mates tlie com]>osition rcMpiiriMl by normal nitric ncid, 
N(()UV, or UNO., b2U (), and it is jirohable tliai fliis 
hydra t(' is the chief constitneid. of the mixture. 

Nitric acid is a sti'on^* monobasic acid, fonnini^ s;i1is 
of t]i(‘ j^mnera.l formula AINO.,, all of wliich are soluble 
in water. Tlecause nitric acid is a stronj^ acid, and nil 
normal nitrates are soluble in Ayater, nitric acid is oiu' of 
the b(‘st sohauds. On tln^ other hand, tln‘ acid forms 
liasic salts, some of which are diflicultly soluble o)’ in- 
soluble in Avater. An (example of such insoluble h.isic 

nitrates is the nitrate of bismuth of the formula lli - Oil, 

Oil 


wliiidi is to lie regarded as liismuth hydroxide oiu'-tliii'l 
neutralized by nitric, acid. TTnu’e are some ajpiareiiHy 
coni])lex salts of nitilc acid which are derived from fin- 
normal acid, N(()H),, as, for example, the salt IJid),O.N, 

ro. 


which should probably bo expressed thus, N 


;>rb 

!>rb 


o. 

O' 
o. PI), oil 


being a basic lead salt of the normal acid. There ar- , 
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^ome salts wliicli are derived from tlie acid 
is formed by abstraeting one molecule of 
^vaier from normal nitric acid : 

‘ N(OH), ^ NO(OH), + 11,0. 

1)V far tlie largest number of nitrates, liowcver, are de- 
liviMl from tlie aeid of the formula HN<b. 

Red Fuming Nitric Acid is form(‘<l iii the manufacture 
of nitric acid from saltpeter and sulphuric acid if tlu^ 
t('in|»eraliire is raised to a sidlicieid, extent to cause the 
acid sulphate to act u[)on the nitrate: 

iNa^C), I HNaSO, Na,SO, HNO^. 

At this tom})eratui‘(^ the nitric acid undergoes consider- 
ahl(^ di'composition. The nitrojj^en jieroxidc' foiiiual is 
ahsorhed by tlu^ niiric acid, and the ]>roduct thus oli- 
tiiiiK'd is th(‘ rial fuming acid. It acts moiaMmergetically 
tli.iii nil l ie acid, and iinds some a])plications in the lab- 
•..laioiN and in thi^ arts. When li('aled it ^ives olt 
nitiogmi [)er()\i<le, and if tlilutiMl Avith water it is changed 
to ordinary nitric' nedd, as nitrogmi jneroxide^ is dc'com- 
])osi'd hv watcu', forming nitric*- acid and nitric oxide or 
nitrons acid, according to thc^ tc‘m])('rature of the water. 

Xilro-hifilroclilu'ic Arid in’ Aqua Rrqin is a liepud 
foriiii'd by mixing c*on(‘(‘ntrat(‘d nitric and hvdrocddoric 
acids. It Avas called nqun yn/in hecaiise it (*an dissolve 
gold, tln^ king of th(‘ medals. Thc^ active', jiower of this 
li<|nid as a solvmit of mcdallic substance's is due to the 
tiled that it gi\a'S oft e*hh>i‘im', and a e*om])ound oi nitrogi'ii, 
cxygA'ii, and chlorine wliich readily give's u]) its chlorine, 
lliis compound has the eaAniposition reApre'se'nteMl by 
t‘i(‘ formula ^()(d, and it is he's! de'signatenl by the 
name nitrosyl chhyridr. ddicA produe*t of the a,e*iion evf 
nil lo-hydroeddoric acid upon a medal is the correspond- 
ing chloride. 

Nitrous Acid, HNO..-- AVhen ceudain s;dts of nitric aedd 
rrc I’e'duced they yield the corres])onding iiitrite's. d ims, 
'^vlicn ])eAtassium nitrate is heated with metallic h ad 
this reaction takes place : 

KNO3 + Pb KNO3 + PbO. 
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Indeed, if potassium nitrate is lieated alone it loses 
oxygen and is converted into the nitrite : 

2KN( >3 r::. ‘JlvNO, + O, ; . 

but tlie reaction is not complete, and the salt thus ob- 
tained always ctmtaius more or h‘ss nitrate. 

If an attimipt is madti to isolatti nitrous acid from a 
nitrite tlio product is tlui anhydride, nitrogen trioxidc, 
MJ).,. Thus, if sulpliuric acid is added to potassiiun 
nitrite the following reaction takes place : 

2KN(), d H,S( ), I H,0 K.SO,. 

It may be that tlie first adion is the liberation of 
nitrous acid, and that this then breaks doAvn by loss of 
water. The two reactions are r('])res(mt('d thus: 

2KN().. + ii^SO, rz. 2HN(), | • K,SO, ; 
m^O, N,i), -f II 3 O. 

A certain analogy will be observed between this action 
and that which takes place in the action of pota-ssiiini 
hydroxi<le u])on an ammonium salt, when ammonium ky- 
(lroxi(l(', is probably first given oil', and then breaks down 
into ammonia and water. 

Salts are known which are (hutved from normal nitrous 
!/ci(l, N(OFT).,, but most of the nitrites are derived from 
th(^. acid of the formula N()(()H ), whic'h is to be r(\g;n (l('(l 
as formed from the normal acid by loss of one moleciili' 
<'L water : 

N( 0 I 1)3 N 0 (()H) d- H, 0 . 

Hyponitrous Acid, — The sodium salt of tin’s 

acid is made by reducing sodium nitrite in solution by 
means of sodium amalgam : 

2NaN03 d- 8H = Na^N^O, + 4H,0. 

The acid can also be made by oxidation of hydroxvl* 
amine. 

It is a solid consisting of white crystalline plates, ft 
is very explosive when freed from water. In water suui- 
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tiou it is much more stable, but at the ordinary tempera- 
ture it breaks down ^^radually, the principal products 
being nitrous oxide and water : 

H,NA-N,0 + H,0. 

It would appear from this tliat nitrons oxide, N,0, bears 
to lijponitrous acid the relation of an anhydride, but 
salts f)f the acid cannot bo obtained from nitrous oxide 
directly. The molecular weight of hyponitrous aci«l in 
solution has been dehn-miiuMl, and the result shows 
that the acid has the doul)le forinula Its 

structure is probably to be i-epresented by the for- 

N(()H) 

]uula II 

N(()H) 

Nitrous Oxide, N,0. — This com])ound can be obtained 
by redmdlon of nitric a.ci<l, and is sometim(*s formed in 
considerable quantity whoji t*opper is treated with tln^ 
loiuauitrated acad, though when made in this way it 
is always mixed with, a large [)roportion of nitric oxide. 

1 Inc hest way to imtke it is to Jient animonium nitrate, 
which breaks downinto nitianis oxide and water : 

NH,N()3 N,() -t 211,0. 

hi the same way w-e have seen that ammonium nitrite 
luoaks down into free nitrogen and water when heated : 

mi.mx N, + 2H,(). 

hi tbese reactions see exhibited the tendency of 
hydrogen and oxygen to combine at elevated tempera- 
tincs. At ordinary tern j^ierature this tendency is not 
stioiig enough to cause a disturbance of the equilibrium 
tli(‘ parts of the ‘compound. As the tenqierature is 
i'‘‘is(ul and the equilibrium thus disturbed, the aflinity 
of the hydrogen for the oxygen asserts itself. The two 
^ onicjits combine to form waiter, and the decomposition 
‘ibovo represented takes place. 

Citrous oxide is a colorless, transparent gas which has 
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a sweetish taste and odor. Its sj^ecitic gravity is 
It is somewhat soluble in wattu* ; one volume ol' wa((M at 
0"^ dissolving somewhat more than its own volume of tiia 
gas. It sup[)orts combustion almost as well as ])uio 
oxygen. Home substances which burn in oxygen do jiot, 
however, burn in nitrous oxide. Sulphur wliicli l)uriis 
in oxygen is extinguisluHl in nitrous oxide, unless it is 
2 )i(wiously h(‘at(ul to a high t(‘mperature. 'J’o mi(l('i- 
stand tlie action of this c,()m 2 )()und in su])p()rtin ‘4 coin- 
bust ion it must be boi'iic': in mind that, when aii\ tliiiio 
burns in oxygen, the oxygen molesmles must tiist lit- 
broken down into a.toms b(d’or(‘ the (*ombination (‘an take 
jjlace. Thus, wlien carbon and oxygcm are bronglil to- 
gether wo have at lirst a condition re])rosented by these 
symbols : 

O, -1- 0, 

the questi(')n as to the condition of the carbon being left 
ojacn. Wlnm the hmqxu’atun' is raised to a sutHcicnitiy 
high 2 )oint the condition is re|)resentod thus : 

O-f O + C; 
and now the reaction takes jdace : 

0 .j. 0 C r:. CO,. 

Til the act of burning in fri'e oxygen, therefore, ther*' 
always a certain resistances to b<‘ ovcu'come. Now, when a 
(•ombustible substance is Virought into a gas wdiich ghas 
up its oxygen easily tln^ condition is much like Dial ni 
free oxygen. If tlie temperature is raised the gas is de- 
composed, and tlie oxidation then follows. In the case 
of nitrous oxide this deconqiosition takes jdaco : 

N,0r.^N + N + 0, 

and this oxygen in the atomic condition effects tlio oxi- 
dation. 

When inhaled, nitrous oxide causes a kind of intoxica- 
tion, which is a])t to show itself in the form of hystciicai 
laughing. Hence the gas is called laughing gas. b'' 
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jijiled in larger quantity it causes unconscdousness 
-iiul insensibility to pain. It is therefore used ex- 
t(;iisively to prevent pain in some surgical operations, 
p;ii tic-ularly in extracting teetli. 

When subjected to a low temperature and high pres- 
sure tlie gas is easily liqueiied, and enclosed in ])ro])erly 
constructed nudallic cylinders the Ihpiid is now sent into 
tlio market. In order to get the gas it is only inuu^ssary 
to n])^n the sto|)-c()ck of the cylinder. When tlie Ihpiid 
(‘oiiK's in contact witli the air it I'apidly turns to gas, and 
ilie temperature is very much lowered in cojise(pTence. 
This causes a part of tlui licpiid to solidify. 

Nitric Oxide, NO. —Iliis is the most stable compound 
of nitrogen a.nd oxygen, and is the common ])roduct 
of the reduction of nitric acid. Thus, when nitric acid 
iu'ts upon cop].)ei’ and other metallic elements the chief 
])i'oduct is generally nitric oxid(% though, as we have 
soon, the reduction may be carrhul farther. The prin- 
cipal action in the case of (n)p)per is represented thus: 

BUNG, -I- dCu r-. :]Cn{yiOX + + 4H,0. 

Considcu'ing the ease with wlii(di nitric acid gives u]) 
its oxygtui, and the ease with wlii(^h copper takes u|) 
oxvgtui, it is ])robable that the cop])er abstracts oxygen 
(lirectly from the aci<l as represent(nl thus: 

2 IINO 3 -I 3Cu CuO + H,0 + 2N0. 

In tin’s case the copper oxide would at once form copper 
nitrate with the excess of nitric acid : 

6HN0, + dCuO 3 Cu(N 03 ), + SH^O. 

Or, combining the two ecpiations, the total action is rep- 
J'osented in the same way as it is above. The nitric 
^cid imist not have a specihc gravity higher than 1 . 2 , and 
hie ternyjerature must be kept down, otherwise tlie reduc- 
hou of the nitric acid is carried farther and considerable 
^iitroua oxide is formed. 



INORGANIC CHEMISTRY, 


:j8G 

It is possible that to some extent the hydrogen li1)or. 
ated irom the acid may act as a reducing agent, thus 
causing the formation of the lower oxides of nitrogen, 
as, for example, 

2 HN ()3 -h 

A good motliod for making pure nitric oxide consists in 
trcnating ferrous clilorich', with saltpeter, iln^ k - 

action is repri'Scmti'd thus; 

gFeCl I- KNO, b '1 ^ KC\ + 2HJ) 4 \ 0 . 

The reducing action is here; elhudcnl by tin' h'rvoiis 
chloride', Fet.U,, which teuds to pass over into iViTii- 
chloride', FeCJl,, in tin; pr('S('ncc of liy dro(ddoric acid, and 
anything whi(*li has tin; power to take Uj) ji ydn 'g*‘ii. 
With hydrochloric acid alone it does not form h'nir 
ehloi'i<le, but if aii\' reducible com]>ound is present ac- 
ti()ii takes ])lac(; thus : 

+ 21 rCl i 0 = 2lM'(d3 - I- 11,0. 

In the above, reaction saltp(d(;r fiindslies the oxygea, 
and it is conse(pn'id I v la'duced and bia'aks dowji, yj('ldiiig 
nitric oxide', while the potassium forms potassium ( Ido- 
rid(' with chlorine. 

Nitric, oxide; is a, e*e)h)rh^ss, tra.ns])arent gas. Its incht 
re>niarkabh' pro])eu'tv is its |)owe'r to e'ondeine' dieted; 
^^’ith eexvgen whe'U the twe) are; bre)ught te)ge'tln'i’. I i" 
act of ceembination is not ae'eannpanie'd lyy the ajiprar- 
ance of light, though heat is cve)ived. In the r('a< ti<'ii 
which takes ])lac0 at ordinary temperatures nitreigoii 
jjeroxiele, is fe)rmeel : 

NO 1 O NO,. 

ddic ])roduct is a coloreel gas, and the change of the cdon 
less nitric oxide to this colored ])roduct can thci* 
easdy be rece>gnize;d. This rocactie)!! is, further, the Oih 
cause of the reddish-bre)wu fumes seen when niti ie“ eu 
acts upon metals and other elemeid-s. At a low te'mi>‘-|' 
ature se)me nitnageu trioxido is formed when oxygen ac j- 
upon nitric oxide. 
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From what lias already been said, it will appear that 
ill nitric oxide the oxygen and nitrogen are more firmly 
iiiiitod than in the other oxides. Most burning snb- 
staiu'os are extingnished when introdnec'd into it, though 
;i l'('\v when heated in it to a high teniperatnia^ extract all 
or a part of the oxygen. Zinc and iron extract Indf the 
oxvgj'ii and convert Jiitri(5 oxid(^ into nitrons oxide, 
j’oiassinm and sodium (hu'onipose it, leaving the nitrogen 
i'rraa 

A curious reaction l)y nnaiiis of which it is ])ossil)le to 
separate*, nitric oxide from other ga,ses take's place*, when 
tlie* oxiele^ is passe'el inte) a seilntiem eel* lenaeus sidphate*, 
J’eSO^. Unele*r tlie'se* edrciinistane-e's an unstable elark- 
colore'el ceempeeuinl is feerme'el, whiedi appe*ars tee have' the' 
(•i»iii])osition F'e'SO^ F W he'll the* seelutieen coiitaili- 

iai; it is he'ate*el the* pure* gas is give'ii eetf. 

J)V nase'ont hyelrogen nitric oxiele* is reelue‘e*el tee ain- 
iiiiaiia and li yelreex ylamine'. 

Nitrogen Trioxido, N:,03. — This oxide is formeel by ad- 
elitiein of oxyge*n to nitric oxiehi at Ioav t(*m])eratures ; by 
ele'ceiinposition ot the nitrite's by me'aiis of ae^iels ; and by 
tlie; e’eiinbinaiion of nitric' oxide with the peroxide at a 
te*in j)(*ra,ture’( be*low — d'he^ gas given off wdien nitric 
is realuce'd with stare*h or arsenious oxiele, As.^() 3 , 
iijipe'ars to be a mixture* of nitric oxiele and the ])eroxido. 
hurt* nitre'gen triox ide* is a lie]uid of an indigo-blue color. 
At a teinpmature below O' it undergoes jiartial decom- 
))e)sitie)u into nitrogen ])eroxid(* and nitric oxide: 

N,()3 = ^"0-d-?sA),, 

^Vitli ce')ld water nitrogen trioxide undergoe'S decom])osi- 
htiii ace'ompanieel by an evolution of nitric oxide. Pos- 
’"^dely this reaedion takes ])la,ce: 

8N3O3 +H3O ‘2HNO, + 4NO. 

treating the oxiele with a solution of sodium hydrox- 
itli^ or potassium hydroxide the corresponding nitrite is 
fern led : 


2K0H + N 3 O, 2 KNO 3 + H,0. 
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Nitrogen Peroxide, NOa. — When nitric oxido and oxygej, 
are brought together in tlio proportion of 2 voIuiih s (»j 
the former to 1 voluiiui of the latter they combino coiii, 
pbdely to form nitrogen i)eroxide. Those relations will 
be readily understood when it is borne in iniiid that 2 
molecules of nitric oxide re(pnre 1 molecule of oxyoea 
to eilect the change, as is shown in the ecpiatiou 

2NO-h 0,^2NO,. 

The compound is most easily ol)tained by heating load 
nitrate, wlnm nitrogen j)eroxi(h^ and oxygen are givam (4T, 
and lead oxide remains behind in the vessel : 

1>],(N0,), rbO + 2NO,^l o. 

If tlie gases are ])ass(Ml tlirough a tube surrounded lya 
foM'/ing mixture tlie p(n‘o\i<le is cojidejised to the lorui 
of Jicfiiid, wiiile the oxygen ])assos on. AVIien pfudcrtly 
dry tln^ peroxide is (‘iisil\' soliditiml. It acts eiiei’gcdi* 
ally upon com])()inids whi(di liave the ])ow('r to take n[) 
oxygen. A\ Inm t]*eated Avith Avater it undei'goes decoiii- 
posilion. If tlu^ tem])erature is Ioav, nitrous and nitiio 
acids are formed : 

2X0, 1 11,0 UNO, -I- UNO,. 

If the Avater is hot, lioAvever, the products are nitric <Lcid 
and ]iitric oxido : 

dXO, -b H,0 = 2 HNO 3 + NO. 

The nitric oxide thus formed Avill take up oxyg(ui fi’cni 
the nir and yield nitrog(‘n pm'oxide again, and tliis, m 
eontatd Avith hot Avater, Avill b<^ dec.oin [)ose(l, loriniii.^ 
nitric, acid and iiitrii; oxide, until all the peroxide is seje 
vertiMi into nitric acid. 

Tin? det(‘rminations of the specific gravity of tlic g:i^ 
from the jxM’oxidc^ shoAv that at low temptxratiir('>> di*. 
m(d(H*ular formula, is N,0^, but tliat Avhen tlie teiii|'‘'i<' 
ture 150'^ is riaicluMl the molecule is re])r(^sent(Ml by dn) 
formula NO,. The com|>ound a])|)ears theiadoie to 
undergo gradual dec()mpositi<An or dissociation b) k* 'd 
so that until the temperature 150*^ is reached the g 
a mixture of the compounds N/)^ and NO.^. 
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TTitrogen Pentoxide, NaOs. — This compound, which 
bears to nitric acid the relation of an anhydride, is 
[oriiuMl by passing chlorine over silver nitrate and con- 
densing the product. Tlie reaction takes place thus : 

2AgN03 + Cl, = N 3 O, -I- 2AgCl + O. 

It is also formed by treating nitric, acid with phosphorus 
pentoxide, a compound a\ Iiicli has a very marked 

power to unite with water. Tlie action is represented 
tlius : 

2 IINO 3 -1- H,0. 

Tlio pentoxide is a crystalli/(Ml substance, which readily 
(let'()iii])oses into nitrogcui p(‘r()\ide and oxygen. In con- 
spciuence oli the ease witli which it giv(‘s up its oxygon it 
acts violently u])on many oxidi/.able substances. AVith 
water it forms nitric acid : 

NA + H,()r= 2 ITNA. 

Structure of the Compounds of Nitrogen with Oxygon 
and Hydrogen. — Our knowhulgi^ of the struciui’o of the 
coinpouiids with wliich avc ]ia,V(‘ just Ixuni (h'aliug is uu- 
satisfactory. There is at present no Avay of d(H*iding 
whether in a compound like nilrons oxide', for example, 
tlie oxygon is in c'ombination Avitli both nitrogmi atoms: 
th(uo are no reactions of tlio (*om])ound wliicli thi’ow any 
light upon this (piestion. Similai* dillicuUios are met 
^vitli ill connection with the oilu'r compounds of nitrogen 
fi.iid oxygem. As was rcvuiarloMl on j)age 2dl, tlu', siin])h^st 
YK'w wliich can be; held in I’egard to these oxide's is tliat 
la them the nitreigeu is univalent, hivalcnt, tiivalent, 
fiaadri valent, and epiiiiepiivaleiit, a view whiedi is ex- 
pressed by tlic following formulas : 

^ N =0 0 =N-() 

t;>0, N=0, > 0 , 0=N=0, >0. 

N=0 0=N=() 

formulas aro, liowovcr, purely speculative and 
h present nothing known to us. But if the valence of 
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nitrogen cau vary in tliis way, wo may also com'eiv(' 
tlio oxygen is nnivalent in all the eoinpoiiiuls 
nitrons oxide. Tlius nitric oxide maybe represeiiitMl ])\ 

the formnla N-O, nitrogen peroxide l>y^ <||, < (( . On 

tlio ottier liand, tlnn/e is an niimistah;ible t(‘nd(']i( v or 
file ])a,rt of tlie (dements to act ('ittier witli .iIoikvs 

as "2, 4, t), etc., or witJi odd, as ], H, d, etc. This is )»( .mfi- 
fidly shown by ttio members of the cJjIorijK' group .iml 
tliose of tlie snl[)]inr grc^iip. It has been ])()iij|(Ml out 
that tli(^ rcdatioiis l)(dw(Mni tlie compounds of (diloi im , 
bromiiK', and iodine (‘an ])(‘ explaiin'd, 1))' assuming (hat 
tliese elements are univalcmt, tiivalent, ([iiin([niv;il( iii, 
and septiva,lent ; and tliat iin^ j-elatiojis b('tw(‘ 0 ii llio 
(!om])ounds of snl|)Jiur, s(d(‘ninm, and t(dlurimii can Ix' 
expially easily ex[)lain(Ml by assuming that thes(‘ (dcnncnls 
are bivalent, ([nadrivahnit, and scrxivahnit. In tin' c:is(‘ 
of nitr()g('n and tier (dcnmnd-s Ixdonging to tln^ same gioii]) 
^v() should naturally expirct to iind a similar la\s^ of com- 
position hohbdig good. As fa.r as tin', hydroxyl (hn iva- 
tives, r(g)iescnted by nitrous acid ajid niti-ic, a.cid, ;u'o 
concerned, the sann'i n'gularity is obs('rv(‘d as iii llu' cast' 
of sidphnr. In nitric* acid tlui nitrogcni is probabl \ (| nin- 
cpiivalcnd;, and in nitrous acid trivalent. Tiirllit r, in 
ammonia nitrogen is trivahmt, while it is probabl v (|iiiii- 
(piivahnit in the ammonium com])ounds, as has ht'cii 
jjointed out (se(3 ]). !275). It is (denar that jiitrogaai tends 
to act eitlnn* as a trivahuit or (p]in(jui\ alcmt (dc nit id. 
AVlndlnu- it (ner acts as a. univalciit (dement it is inijios- 
sibh^ to sa)', for, while the (^xistcuice of the conijxnind 
N,/) s('(‘ms to show that it does, this same (*oiiip<;iUid 
may l)e explained on the assumption that in it lia' ai- 

N 

trogen is trivalent, as showji in tlio formula || >0; and 

indeed there is no diOhuilty in assuming a.ny (h'simd 
valence for the nitrogen. Taking the compound ndiir 
oxide, there seems to be no esiaxpe liere from the c' le 
<dusion that the nitrogen is bivalent if the oxygen is l>t 
valent; and the compe^und forms a striking exception d 
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till' rul<^ jibove referred to that the valeiiee of an element 

chaiig'es from odd to odd or from even to even. 
It iiiav he said that this eoniponiid is iinsaturated, and 
that one of its bonds is unemployed, a condition Avliieh 
]ii;o he symlxdized hy tliis (evpia^ssion, . O, hut this 
,],)('S not lielp ns out of the diHicully, and, further, this 
(■()ii(‘('i»tion is not in accordance with tin*, fact that nitric 
oxidt'. takes up one atom of oxy 5 j;(Mi to form nitro<^en p)er- 
()\i(l(', 'SO.,. And thmi the (piestion arises, Wlmt is th(‘. 
structure of this last-mentioiUHl compound ? Should it 
l)c [(‘presented tlius : Tf so the nitroj^en is 

(pnelia vah'iit. But it ]>a,sses rc'adily into the form 
[[ may he that this act consists simply in the union of 
the two mol(H*uh‘S hy nu'ans of the liftli l)on(l of ([Uin- 
([iii\ ;il('nt nitroo-en, tln^ structure of the resulting mole- 

() X-O . . 

(Mile h(‘ino re])resent('d thus : i . All this is, how- 

^ ^ () -N -O 


(wer, almost })ur(' s))eculatiou, and, at the ])res(Uit sta^o 
of oiir knowliMlo,' of tln^ sul>J«‘ct of structure, the ahovo 
foi'inulas have verv^ littli^ valina Still it must not he 
foi\yott(Ui that tlu^ structun*, of all chemical compomnls 
is a h‘gitimate suhjcH't of investi.e;ation. 

\\ h(‘ii w (> conu'! to thci acids of niti’op,('n it is si^cm, as 
has alfeady hemi pointtnl out, that th(‘S(‘ can he ex])hiined 
very satisfactorily hy tin', aid of the same hy|)othesis 
that smwed so W(‘U in d(‘alin^' with tlu‘. acids of iodimi 
and of snlphur. Xitri(* acid is to h(^ r(‘p;ar(l(‘d as derived 
fi oiM ih(? maximum hydroxyl compound of ([uin([ui\ alent 
nil known as not'ninl mine (fcul^ hy loss of water j 
and ill a similar way nitrous acid is to he ri'^ardiMl as 
<1 (‘i1\(m 1 from the maximum hydroxyl com])ouiid of tvi- 
vah lit nitro;j;en, or vornidl nifrous ((ctd^ hy loss of watiu'. 
A f(‘w salts are known which a])pear to lie derived Irom 
dll' normal acids, hut for the most part all tln^ hydr(M«i;(‘n 
alniiis of theses normal acids aia^i not re])lac(‘ahle hy 
"ndals, and the formation of salts conerally involves a 
ht (Miking down of the coni])ound into water and the com- 
'noii form of the acid. 

Compounds of Nitrogen with the Elements of tho Chlo 
fine Group. — Notwithstanding the ease with w hich chlo- 
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rilio comLinos with most elements, and the stability ol 
the componnds which it forms with them, its compound 
with nitrogen is extrenudy nnstabhu It can bo made' hy 
the action of chlorine on ammonia, and by decomposii]-' 
a solution of animonium chloride by means of ancdecd iic 
(' in*ent. In the latter case chlorine is liberated at 011(3 
Oi the polos and then acts upon the ammonium chloi ide ; 

NH/n + OCl ^ 4 H 01 -h NCI3. 

It appears that when chlorine acts upon ammonia dinVu- 
ent products are formed by successiv^e replacement of 
the hydrogen atoms of the ammonia by chlorine, thus: 

^ Cl, iMI.Cl + HCl ; 

NH‘(d + Cl‘ NHCI3 + HCl ; 

NHCl, + CI3 XCI3 h HCl. 

According to this, the triiddoride of nitrogen is tlie fin:d 
product of tlie substituting action of clilorine U})on ;iiie 
rnonia. The coin))ound is an oil, wliich undei’goes de- 
com jiosition very readily. It is, indeed, one of the most 
ex])losive substances known. It is decomposed hy li(*;d, 
and es|)e(‘ially by conta,ct with (*ertain substances, aim >11, 
which are oil of turjientine and caoutcdiouc. It is slowly 
decompos('d by wat('r, tliough, ])robablv owing to ih' 
slight allinity of nitrogen for oxygmi, the d(H*om])osil ion 
does not tak(‘. yilace as la'adily as that of the comjioumls 
of sul])hui' and chlorim*. ilirect sunliglit cause's explo- 
sion of the chloi iih'. 

Win'll ammonia is treated with iodine reactions f.dsc' 
place siinihir to those Avhirh take place with cliloriiio. 
The ])roducts are the iodides of nitre^gen, the hmil 
product of the action being the tri-iodide, NI,,. Th' Si 
compounds, like the (*-orres])onding chlorine compiouml'^, 
are extrenndy explosive. Tln^ simph'st way to ])r<‘|);i"' 
them is to place a little jiowdered iodine on a lilter aii'l 
])our concentrated ammonia over it. dTie substnii'' 
should be mad(i in only very small ([uantitii'S at a tnix . 
'When dried it decomposes wdth violent exphisiou I V 
contact even with soft substances; and it will also (x^ 
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jjloJc if left entirely uiulisturbetl. The (liihn'ent coin- 
pouiuls called nitrogen iodide are slowly decoinposed by 

Wider. 

Compounds of Nitrogen with the Members of the Sul- 
phur Group. — Nitrogen coinbines with snlpliur forming 
two compounds, N,S^ and both of wliich jire Avell 

cliiiriicterized. Among the most interesting compounds 
containing sulphur and nitrog(m is that wliicli has been 
referred to iis nitrosyl-sulphuric jicid in connection with 
the account of the manufacture of sulphuric acid. It is 
formed by the action of sulphur dioxide on fuming nitric 
acid : 

NO,(OH)+SO, = SO.<J5g’; 

also in the manufacture of sul|)huric acid by tlie action 
of sulphur dioxides, water, and oxygen upon a mixture 
of nitrogen pcu’oxide and nitric oxide : 

2SO, + 11,0 -f-N,(),H.2() = 2SO,<2 h’; 

and by the action of the nitrogen peroxide upon sul- 
l)liuric acid : 

2NO2 -f- 

When treatml with water it brmiks dowui into sul])liuric 
acid and nitrogen trioxidm It will be rcniKunbered that, 
in order to ])revent loss of oxides of nitrogen in tin' sul- 
])huiie, acid factories, the gasc's ari', brought in contact 
with concentrated sulphuric a,cid in tlie (lay Imssac tower 
bi'iore being allowed to ('sca])e. The oxides form witli 
snlpliuric acid compounds similar to nitrosyl-sulphuric 
ncid, and wdien these are diluted with “chamber acid” 
and heated by the hot gases from the sulphur furnace 
the oxides of nitrogen are given up. 



CHAPTER XVII. 

ELEMENTS OF FAMILY V, GKOUr B: 
rilOSPllOJaiS— ARSENIC— ANTIMONY- LISMUTIL 
THE ELEMENTS AND ^I’lIEIR COMP()LNL>S WITH 
IIYDJIOCEN. 

General. — Tlie oloiiK'iits of tliis ^rou]) bear to iiitrou;en 
very nineli the same relations that tlie members of tlie 
sulphur ^rou[) b(\ar to oxyj^eii, ami tliose of the eliloi iuo 
group bear to lluoriiie. In g>mer;il tlu'y form eom})oiiii(ls 
of the same c'liaraetiU’ and of similar composition. At 
tlie same time gradations in 2 )ro[)m-ties are noticcal in 
passing from om^ mid of tin* gron[) to the otlim’. Lile^ 
rdtrogen, the (dimnmts of tln^ gi*oup are strongly marked. 
acid-formei’S, though this chai’acter grows h^ss niai kcd 
from iiitrog<m to bismuth. Antimony is 1)oth an ai id- 
forming and a liase-forming element, whih^ bismnlli is 
more basic, than acid, ddn^ stability of the hydrogen 
compounds decrease's from niti’ogxm to antimony ; wliil*' 
bismutJi does not foini a <*om])ound with hydrogen. 
Ammonia, as we hav<^ seen, is strongly basic ; the coi- 
lansponding comjioiind »)f j)hosjdiorns and liydrogcm lins 
weak basic pro|>(‘rti('S, Avhih‘ tliosi^ of arsenic; aaid anti- 
mony liave no basic pro])(n‘ties. ddiese hydrogen c'oni- 
pounds correspond in composition to ammonia. They 
are : 

NH3: PH3 AsH^ 8bH3 

With chlorine they all form compounds corresponding 
to nitrogen trichloride, and plios])liorus and antimonv 
form comj^ounds in whicdi they are (piinquivalent, while 

( 294 ) 
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forms a cliloride, , in addition to tlio tri- 

( liloride. The compounds referred to are : 

Bi,Cl, 

NCI, : PCI, AsCl, SLCl, BiCl, 

PCI, Sl)01, 

TIm v all form two oxidi's eorrosjamdin^^ to nitrogen tri- 
(.\iil(‘ a, lid pentoxid(‘ : 

N./)^: IV), AsJ), S]i,(), Bid), 

IV). As,()^ Sl),(), Bid), 

Xo one of the eleimmts of the group forms as groat a 
‘variety of eomponiids with oxygen as iiitrogmi doi^s. 
Antimony, liawc^ver, foimis th(‘ oxide Sl>,(),, eorn'^Dond- 
iiig to nitrogmi })(‘roxid(‘, X.di i bismuth forms the 
oxide J3i,(), eu’ J5i0, eorri'spondiiig to nitrie oxidiy X(). 

'I'lie liydroxyl eomjxmnds or aeids, like tliose of nitro- 
gen, are relatml to the maximum liydroxyl eomjiounds 
oi tin' elonionts with the vahuiei^ d, and lo tln^ inaximiim 
liydroxyl eomponiids of th(‘ eh'imuits with the valence d. 
That is to say, tlnyy may be ri'garded as (huivml from a 
hydroxide' of the ga'iu'ral formula M(()ll)„ and another 
of th(‘ formula dld)ll b- W Inu'e M is nitiogen these acids 
hi'(‘ak down to the forms NOyOIi) and N()(()H) by loss 
"f one or two moh'cuh's of water. In the case of the 
ohniKMits of tlie phosphorus group, howdvc'r, tin' breaking 
'kevn is not gt'neralh' carrii'd as far as with nitrogen. 
The general rule is the same as in tin' sulphur and (dilo- 
rine grou])s : the normal atdd lua'aksdow n to form com- 
pounds containing the same numlie]' of hydrogi'ii atoms 
ns tlie hydrogen c*ompounds of the ('lenn'iits. Thus the 
liydroxyl derivatives of chloi'ine gt'in'rally break dowui to 
lartn compounds containing one atom of hydrogi'ii, or the 
S‘i iiie number tha t is contained in the hydrogen compound, 
kvdrochloric acid, thus: CI(()Ilb yields CIO, (Oil); 
b1(0H), yields C10,(0H), etc. So, al so, in the sulphur 
Ki'ou}), S*(OH), yields SO,(OH).„ etc., the numln'i* of hy- 
drogen atoms in the common form of the acid being the 
^11 no as that in the liydrogeii compound of sulphur, SH,. 
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This rule does not hold good for nitrogen, i'o) 
tendenej h(U*e is to breuk down to eonipounds eonlaii). 
ing ojie ntoni of Jijdrogeii. On the other linnd, pJios- 
])h()rus, iirsi'Jiie, ;ind ;intiinonj follow the rule, (]|,i 
priju-ipul acids of tlies(^. ehuiunits eontaiiiiug three afoms 
of li>'drog(Ui ill the nioleeule. As already stated, tlieu' 
ar(^ two series of these rejiresented by the following tor- 
mu las : 

H,r(), H,AsO, ll.SbO^ 

H3PO, H:,As(), il^SbO, 

Pesides the above, howmer, |)hos])liorus forms St'V(‘r;il 
otlun* aeids. Tlu' ])riuei[)al ojh‘s bear sim |>l(‘ relations to 
tlu^ acid which is called ortliojdiosplioiie arid,' 

Tlu' simph'st vi(‘W iu la^gard to tlui arid of pliosplioi us 
of the formula ll^PO,, and the eoi’respomliug eom])ouii(ls 
of ars(‘iii(; and antimony, is that it is (huivi'd from tlia 
eorres])ond ing normal arid by loss of om^ inoleenh' of 
Avater. d ims, normal phosphoiie a,ei<l is P(()H),. bv 
loss of one moleeule of wat(U‘ this yicdds ordiiuii’} of 
ortlio2)hosp]iori(* ai-id : 

p(()H), ^ Pf)(()ii), + ir,(). 

Normal plios})liorous acid is P(()ll),. Wliethm' nr- 
dinarv |dn)s])horons acid has this structures is a (|m's- 
tion very ditheidt to answen* at [iressent. P>y h)ss ol 
anotlnu’ moh'cuhs of wabsr orihojihosphorie, acid is eon- 
A’crted into 'mrfepho.sphoric echJ^ whiedi in eom])ositioii 
corresponds to nitriis aeiel. Its formation is rejire'seiiteMl 
thus : 

rO(()H)3 P(),(OH) + H3O. 

The seriem of phosphorus aeids, H.,PO.,, H.,PO,, :iiid 
HyPO, is strongly suggesstive of the series of sul|»t>i>'’ 
acids, H.^SO.,, and and of the series "t 

chlorine acids, IKdO, HC 10 „ IKTO^, and HCIO,. 

Arsenic and antimony also form aedds correspondin.u' 
to metaj)hos])horic aci<l, known respectively as nietarscnK 
and rnetantimonic acids. 
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By elimination of one molecule of water from two 
molecules of ordinary pliosplioric acid tlierci is formed 
nil acid known as pyropJiosplioric acid, wliicli 

l)enrs to ordinary plios])horiti acid mu(*li tlie same rela- 
tion tlnit ])yrosulj)liuric or disnlpliiiric acid bears to 
ordinary siilpliuric acid : 


SO,< 

S(),< 


OH 

Oil 

Oil 

OH 


so,< 

so. 




OH 

)0 H.^0. 

H)ll 


/OH 

ro" OH 

^ OH 
/OH 
lO^OH 
\oii 


>OH 

IHOOH 

(> + H,0. 

PO OH 
OH 


Ordinary arsiniic*, and antimonic acids yiidd eorro- 
s])ondinjjj derivatives known as py roarscnic a, ml pyroanfi^ 
inonic acids. The (dinnents of tln^ phosphorus jj^roiip 
form (*om])ounds with oxy^cm and chlorim^ known as the 
oxychloi'ides, which in ^ein'ral lamembh' the oxychlorides 
ot the imnnlnn’s of the snlphnr j^roup. Pxaniph's of these 
compounds are phosphorus oxychloride, PO(d,, anti- 
iiioiiy oxy(ddorid(% HbOOl, and bismuth oxycdiloride, 
bi()(U. IMiosphorns oxychloride is j-(\adily dmami- 
])os(mI by waiter, forniinu;’ phosphoric and Innlrotddo- 
ric aidds : 

(01 11011 (OH 

PO-^ 01 -P HOH r.. PO OH + mc\. 

(oi HOH (oh 

Hie oxychlorides of antimony and bismuth are not 
‘‘*eiipletely decomjiosed by Avat(‘r. This is in ai'cordance 
^dth the fact to w-hicdi attinition has been calh'd that the 
I'ldorides of the acid-forming ehunents are, in general 
casNy decomposed by watei- and converted into hydroxyl 
<'"iii|)ounds, while the chlorides of the base-forming eh'- 
uts are not readily decomposed in this way, but, on 
contrary, their oxides and hydroxides are, as a rule, 
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readily convcirttal into cdilorides by liydroclilorie a( id. 
Elements which, like antimony and bismntli, play tlu^ 
part of base-formers and acid-formers form st.ildo 
oxychlorides. 

Of the elements of this groii]) phosphorus oeciiis 
most abundaJitly in nature, arsenic and antimony la xl, 
and bismuth J(\-ist abundnntly. Arsenic and l)isimitli 
occur to s(3ni(‘ (‘xtcuit in the uncoml)ined condition. 
Ehos])horus and antimony occur in combination. All 
the elements of the ^innip lliid applications in tlu^ ails, 
either as the (‘huiumts or in tin*, form of compounds. 

n 

riiosniomTs, V (At. Wt. :h).79). 

Oeeurronce.""--Th(‘ Jianu' phosphorus is deriv(ul tVom 
the Ch’eelv c/adr, li^ht, and to c*arry, on accoiini 

of the fact tliat it always j.;i\(‘S li^ht and takes lire' vci\ 
easily. The (diumuit oemrs in natnin^ in tlu^ tbrin o! 
phos[)hntes dt‘riv(*d ircmi o»tho[)liosplioi“ic acid, IIJM),. 
Tlie cliicd* of tliese is calcium ])hospliat(', (\a,y LM w hich 
is tlie |)rinci])al constitmnt of tin' miiu'rals pJiospJinriiv 
and (ip(tli((\ and ot* tlu^ aslu's of boiu's. Udn plios])hah‘s, 
like th(‘ nitrat(‘S, an^ Aviihdy' distril)ut(Ml in the soil and 
are of fundamental im])ortanc(‘ in tlie jirocess of plant 
liiV‘. d'lie ])hos])ha.tes found in tin* lioiu'S are taken into 
the animal body in llu' food. All plaids uscmI as food 
contain small (jua.n(iti(‘S of tlu^ phosj)hat(_‘S which tiny 
get frojii th(' soil. 'I’lu' phosiihatc's tak(ui into tlu' body 
are jiartly oi\(‘n olf in the (‘xcia'im'iit and urine, ami d 
was in an examination of uriiu'! made in tlu^ ho])<“ ol 
limliiig the philosoplnu-’s stoiui that phosphorus was 
first discovered in Ihhl). At ])r('sent jihosphorus is 
made almost entirely from boiu's. 

Preparation. — Besides tlu^ phosphates, considi'ia hk: 
(juantiti('s of orgajiic- mattuials are contaimul iu Vann s. 
AVhen the bones ai’e burned the organic materials pass 
off for the most part in the form of carbon dioxide, wat< i , 
and volatile compounds containing nitrogen, and the no- 
called mineral or earthy portions, the chief constitm nt 
of which is tertiary calcium phosi^hate, or phosphoi n 
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acid ill wliicli all tlie liydro^eii is roplactal ])y calcdiiiii^ 
remain behind. As calcium is bivalent and tlnu’cr ai(‘ 
til roe atoms of liydroj^en in tln‘ moha-uh^ ol‘ ])li()Sj)]i( )i ic 
ucid, ll.,P^h) siinph'st way in wliieli all the hydr«)<j,(Mi 
atoms of tlie acid can l)e r(‘[)lac(Hl ])y calcium is tliat 
jo|)r('sented by the fojmiula Ca.j(P()J.,, tlie six atoms of 
Indrogen in two moleciih'S of the acid Ixdnj^ i (‘plac(M] by 
thi('(^ ])ivalent atoms of calcium. Tin* j)vol)lem now is 
to isolate tin* ])]ios])horus fi-oin tliis calcium ])lios])liate. 
Tin* salt is insolubh* in watm', a.nd tlu'ie is no siniole 
way by w hievh tin* pliosjiliorus can be S(*t fic'e from it. 
Wlien it is treatml with sulphu|-ic a(5id calcium sulpliate 
which is ditUcultly soluble is deposited and phos[)ln)ric 
acid is set free and la'inains in solution. The reaction is 
ropresented as follow s : 

CadPO,), + 311, SO, 2H,rO, + 3CaS0,. 

I’lie calcium sulphate, or gypsum, is allowed to settle 
and is tin'll hltered oil* and washed, d’ho solution of 
|)lios])liori(^ acid is ovajiorated until it lias the sjiecihc 
^r.ivity .1.325 to 1.5. Then it is mixed with coarsely- 
^loiiinl wood chaianial, coke, or sawvdust, and (*arefully 
(li'ied ill a cast-iron ])ot or mullh* furnaci*. In tliis pro- 
O'ss the ortho})hosphori(^ acid, H^PO, , is converted into 
iiud,apliosp)horic acid, H PO,, 

HdH), r UPO^, 4 H,0; 

and in case sawalust is us(*d this is changed, so tliat 
tilt* r(*sulting mixture consists of charcoad and motiiplios- 
phorie acid. This mixture is next subjected to distilla- 
tion in clay retorts, wln*n the nn'taphosjilioric acid is re- 
duced according to the following equation : 

2HP(), + bC H, + bCO + 2P. 

Tin* phospliorus passes over in the form of vapor, and 
collected under water. 3die crude phosphorus thus 
<d)tain(>(l must be subjected to a cleaiisiug pirocess before 
d ran 1)0 used. For this purpose it is pressed, wdiile in 
dm molten condition under water, through chamois 
hather, or it is distilled again from iron retorts ; or, still 
dnticr, it is treated with cliromic acid as followxs: It is 
d»scd under water, then a little potassium or sodium 
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biclirornate in solution is julcled, and afterwards ;ni 
alent proporti(ni of sulplinric acid, and the al- 

lowed to stand for two lionrs or iiioio. T.li() pli< 'spiiojijj. 
is tlion Avasliod Avitli liot A\att'r, and afi('i’ si- 

phoned off it is filtered throui^di canvas l)ao.s. 
phosphorus is then cast into sticks in tin tubes. In this 
foi'in it t^enerallv conies into the inarlvct. 

At the tiimi of the last rt'port availabh? tliert' ^v( |(^ 
manufactured in one year about 1200 tons of phi^splio- 
rus 111 two factorii^s, one of which is in Knjj^laiK] ninl thr 
other in hhance. (^)int(‘ ri'cently phosphorus lias Ixm 
nia 11 u faetu i‘<‘( I to some I'xtmil in Sweden. 

Propcrtios. Ordinai'V^ pliosphorns is colorless ni 
slii^litU' N'ldlowisli, Iraiisluceid, and at oJ-dinar\ l('ini'( iM- 
tiiri's it can bc' (*u( lik(‘ \\a\, bid it bm'onies Iiard and 
brittliA at low tmiijx'ratnres. It nndts at I by and bdils 
at 200’. It is ins(dubl(‘ in water. Wlnni loyd iiihIci' 
Avater for aiiA’^ hnii;tli ol time in dis[)('is('d lin,lit d 1"- 
coiiK'S o])a(|U(y crystalline on the surface, aaid yell 'v. 
It is solubh^ in carbon <1 isnl[diid(>, and crystaili/(‘s wln ii 
de})osited from (his solution. It ^ives oil* fiiiiK^s in c('ie 
tact with th(‘ air, and mnits a ])a,h‘ lip;ht whiidi is knewii 
as a, |di()S{dioresc(nit lidbt. It is vm v jioisonous, tlie in- 
halation of the vapor in small (|nantiti('s eansiii^ onv 
serious distil rbaiict' of the sysfimi. 'bliiMVork imni in tb‘ 
fa,ct()ri('S where ])hos])honis is mad(‘. or iisml ao^ liv- 
([iKodlv af‘l‘cct(Ml bv ]dios|)ho]ns-pois()iiiiip^‘. Amoiie Om 
prominent symptoms is gradual (hn'ornposition ol lb' 
bones. W Inni iakmi into tln^ stomach [ihos^dioriis ab" 
acts as a poison ainl caiisc'S dmath. When licati'd in lb' 
air it takr'.s iin^ at oO It also tak(‘s lire by rnlildiir. 
and it must b(? handled with the p;r(natest care, as Avoinrb 
caused lyv it arc' da.n^^c'rons and dillienlt to heal. k> n 
it burns in the air it is convc'idc'd into tln^ ])('idn\i<ln, 
wliicdi is also tin', product of its combustieii ri 
oxygen, as we Inmi sc'cm. It combiuc'S also Avith odr i 
idemeiits direcdly, frenj neiitly a\ itli evolution of h 
Thus, Avlnm it is l)rou}.fht top;(dher with cddoi'iiu', broinii'^ ' 
Mild iodinci, it forms the com[)ounds IHll^, IMlr.,, and I I * 
it also (aunbiiies Avith sul])hur. When a ])iece is put i'' 
water and the water boiled, a part of the pliosjd'^'i 
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over, and if tlio water vapor is condensed in a 
(rliiss tube iji a dark room, it is seen to be pliosphores- 
This furnishes a conv(‘nient nietliod for its detec- 
tion, :ts, tor example, in a case of suspected poisoning by 
pliosphorus. 

Owing to its strong tendency to coml)ine with oxygen, 
it ;il)stra(‘ts the ehmuujt fr<mi some of its com]Kiun(ls. 
Jims, if a solution of phosphorus in carbon disiilpliide 
isaddcMl to a solution of copp<n- sulphate, metallic cop- 
jxa- is tlirown down, whil(‘ at th(‘ same tiim^ co])per 
|,lios])liat«^ and a compound of copper and pliospliorns 
ai(' fernied. 

When })hos[)horus is left for j#long time under wat(‘r 
and subji'cted to the action of light, it beconu'S al hrst 
ydlow, them inaldish, and linally la'd. 'Jdie saim^ (dia ngi* 
tak(‘s place when phosphoiais is Innatc'd for a linn' in an 
a(iii()st)h(‘re whi(di is fo'o from oxygc'ii; and ra]»idl\ 
wIk'm it is h(\'it(nl to 300' in an hemndicall ^eah'd lii])e. 
rii(' i'('d substance thus obtaimnl has pr(>p('rti('s ('nti’’el\ 
dilh'ia'iit from those of ordinary ])hosplionis. ll is a 
U'd powih'r, whi<‘li frepuenlly has a crystalline slruc- 
tiir('. It does not ('iiiit light, it do('s not nn'lt at a low 
h'iiip('rature. It is not ]M)isonous, and cannot be ('asil\- 
i.^nit('d. hurtlnu', it is ])('rf(H-tly insoluble in carbon 
disidpliid(\ In (na'ry rensjamt this r(‘d modification of 
]'li()sj)honis conducts its(df as a much h'ss active' sub- 
('liemically than ordinary pliospliorns. Jn an 
Jdjiiosplu're of carbon dioxides it is coini'rti'd into ordi 
'‘0 ldi()S[)horus w hen heated to ‘:!t)l y and if heated to 
temperaturi' in the air it takes liri', and then forms 
lh(' same ])roduct that ordinaiy jihosphorus do«'S in 
l>n riling. 

h('u pliosphorus is heated with lead for eight to ten 
^•eiiis to a very high tinnperature in sealed tulx's from 
''hi(di the air has Ik'I'ii exhausted, and the whoh' then 
‘‘^Jewml to cool, the surface of the lead is found covi'red 
)'hh hhi(*k, laminatiMl crystals, wliiidi undergo no change 
j’l tli(^ air. (Crystals are also found in tlu', interior of the 
This variety of phospiliorus is calhal cry •^Utilized, 
phosphorv.s on account of the metallic lustre. It 
iiet as volatile as the ordinary variety. 



30:2 


iJsonaANic viiFmmTRy. 


AVlien the vapor of piiosplionis is suddenly (•( )()!( ;[ 
iec Avater in an atinosplnu-e of livdvo^en, it is deposilcl 
in tlie form of a snow-wliitt^ ])o\vd('r on tlu‘ suifucc ot 
the water. ldid(‘r water this variety nnderj^cx's vciy 
littl(^ eliaii^e e,v(m when ('\[)os(‘d foi- a. lone tiiiu' to tlu^ 
aetion of tlu^ snniieht. Wdien (exposed to tln^ aii' on 
rdtej--pap(U‘ it eives olV d(‘ns(‘ fnnu's, and tlu'ii melts 
forniine oi’dinary phospliorns, hut it does not gc'iuMalh 
take lire uiuhn* tln^si^ eireiinistanees. 

'hii'afed witli ovidi/ine aeemts, as, for example, nitric 
a(*i<l, idiospliorns is slowly eonvm-tc'd into phosplioi ic 
aeid, just as snlphiir is eonviu’ted into sul 2 )hui i(,‘ .n id 
und(U‘ the same eonditions. 

Applications of Phosphorus. — Phos})horns is iis('(l priii- 
eipally in the nianufaetnr(‘ of matele's and as a peiseii 
for vc'rmin. Yaiious jnixturc's a,r(‘ ns('d for iiiakin;; 
matches. Nearly all of llumi contain ])h()S 2 )lioiiis t" 
e(‘th('r with some oxidizing; com])ound, and somi' iicufi;,l 
sul)stanc(3 to act as a imMlium for holding; tln^ coiistilii- 
ents toeether. An exainph^ is a mixtinv' consisting of '1 
parts p)hos])horus, 1 paid manpanesi^ dioxide, 3 pnh 
chalk, part lamp-hlack, and 5 parts pline 1'li(' miN- 
ture used iu tlie manufactnia' of tlu' so-('alied “ satVty 
matches” consists of potassinm chlorate, ])otassiiiiii 
di('hromate, minium, and antimony trisul])hid('. dliis 
will Jiot ipnih* hy sim]d(‘ friction, hut will ieiiit(‘ w In ii 
drawn across a ]>ap(n- upon which is a mixtuia' ot rrd 
phos])horus and antimony p(‘ntasul phidee 

Compounds of Phosphorus with Hydrogen. — TIick' an^ 
thre(‘ com])oiinds of p]ios[)lioi us with hydropcai, a p.isceiis 
coin])ound of the formula Pll.„ coria^sponding to am- 
monia ; a ii(piid of tlu^ formula PH, , or P,H^ , correspoml- 
ing to hydrazine ; and a solid of the formula P^Hy, >>>' 
Phosphine, Gaseous Phosphiirotted Hydrogen, PH 
This comp)Ound is formed xvlieii phosphorous or liy[><'- 
])hosphorous aedd is heated. The decompositions tala' 
place as reprosenttul in th(‘se equations : 


4H,PO, 8H,PO, + PH, ; 
2H,P(), H,P( X 4 PH,. 
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see here an example of the same kind of action tluit 
was referred to in connection with tlie sulpliur coni- 
|)()iiiuls. It will ho reniemhered that, in general, wlnm 
;i salt of any oxygen acid of sulj)linr except sulphuric; 
;u‘i(l is heated it is converted into the sulphate, and that 
the other elements arrange themselves in simpler forms 
of comhination. Thus, when sodium thiosul])hatc; is 
lii atcMl it is converted into sodium sulphate; and sodium 
j)eiit:isulphide, as represented in the following ecpuition : 

4Na,S,()3 = 3Na,,S(), Na,S,. 

So also sodium sulphite yields sodium sulphate and 
sodium sulphide : 

4Na,S( )3 3Na,S( ), 1- Na.S. 

Other ways of making [)hosj>ldne arc;: (1) 13y treating 
a, strong solution of txatassium hydroxide with phos- 
])liorus, when reaction takes t)la,co as follows: 

3K()H I- 41^ + dlT,/ ) - 3Kil,r(\ + 

'riu; compound KH )., is known as t)otassium hypo- 
])liosphite, being derived from hypophosphorous acid, 
11 J 4),. (2) l>y treating zinc ])hosphide with dilute 

hydrochloric; aedd. Assuming that zinc ])hos])hi(le has 
ihc composition 7’e[)resented by the fcuunula the 

K'actioii with hydrocldoric acid takes j)laco according to 
the e(]uatic)n 

Zn3P, + GHCl ^ 3ZuCl, I - 2PH3. 

(■1) by treating phosplionium iodide, PH, I, with water or 
dilute solution of t)oiassium hvdroxide: 

PHJ 1 H..0 :=PH3 I HI i H.O; 

PH.L I KOII = PII, i KI I n,(). 

Ik'h made from phosphorus and jiotassium hvdroxide 
it always contains a considcu’able p)roportion of hydrogen, 
I'U’ tli(‘ reason that potassium hypopliosphite gives olf 
hydiogen Avhen lieatcal with a solution of potassium 
h.\droxi(l(^. From c;d(;ium p)hosphide and frcAin plios- 
piKMuum iodide it can be obtained in pure condition. 
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riiospliiiic is a colorless ^as with an unpleasant, oa,.. 
lic-like odor. It is insoluble in water, and is poisonous. 
It burns, but does not take tire spontaiK'.ousl y wlna 
pure. When burned witli free access of air tlie [)i ()(]ucts 
of combustion are phosphorus ])entoxide and Avater: 

2PH3 d 40 , -- 1^0, + :mx) ; 

Avhereas when it is burned in a cylinder so that tin' air 
has not free access t(A it, the p)rodncts are Avater ami 
2)hospliorus, which is deposited in a reddisli layei- npou 
th(‘ <^lass. 

Althouj^h ])ure phosphine does not take hre s])(Hitaii('- 
onsly Avlnm l)roup;ht in contact Avith tlie air, tln^ ^as 
made l)y any one of the methods above rdV'rred to is 
pretty sur(‘, to contain some of tlie licjnid com jxnind nf 
pliospliorus and liydroi^mi, r,H., liicli is s])ontan(*onslv 
intlammabli', and thend’ore tlie gas takes firm If it is 
eolh'eiml in a glass vessid over Avatm*, ami alloAVi'd to 
stand so that the light a,c(s upon it, the liijiiid phos|)liim' 
is deconijiosed into th(‘ gaseous and solid variidii's, uiui 
th(^, gas Avhiidi is left no longm* has tin' jiropjoty of tak- 
ing hre spontamM)visly. bhosphiiie is mmdi h'ss slahli' 
than ammonia. Wdnm Inuated or Avhmi treate(l with oh r- 
tric s])arks it is (sasily d(H‘om])os(Ml into ])hos[)lioi ns ami 
hydrogen. While ammonia, dissolves in Avater, ])rohah' , 
forming the hy<lroxid<a NH/OH), ))hosphine is oidy vt'i\ 
slightly solid )le in Avalm;. A mmonia eombines with acids 
very energidically, forming the ammonium salts, ami 
should (expect to hml that similar salts ai'e forimMl hy 
the action of phosphine on acids ; lint onlv a. few such 
compounds are known, and these are unstable 'I hiis, 
Avhen phosjihimi is brought togethm’ with hydroi hhu ic, 
hydrobromie, and hydriodic acids, tlii'. lauictioiis rcync- 
sented by the folloAving (Mpiations tak<‘ place: 

PH, I H( d PH, Cl ; 

PH, -f HP,r PH.Pr; 

P H, j HI PH J. 

The products are called respectively phosphori} f/yi r/du- 
nV/c, hromide^ and iodide. Tlie ro'actions are, as will h<- 
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p(‘rfectly analogous to tlioso vvliieli take place 1 )( 3 - 
|\v('eii the same acids and ammonia. But the products 
aie much loss stal)lo than the ammonium salts. The 
lntmihlc' when exposed to tlie air attracts water and 
(locotnposes rapidly, lorming hydrohromic acid and 
phosphine. Phosphonium iodide undergoes a similar 
(lecoiuposition. 


AiisENic, As (At. Wt. 74.41). 

Occurrence.- — Arstniic occurs in nature to some extent 
in the un(*oml)ined condiiioii or natives Compounds of 
tlie metals with arsenic, or the nrsrah/c.v, ot'cur very 
■widely distributed, and tlnyv frecpieidly accompany, and 
;ir(‘ similar to, tlie suij)hides. The most commoTi com- 
pound ol* this kind is the so-called arsenical jajriies^ 
3v]ii(di has tin! ('om]>osition FeAsS, and may tliorelor(‘ 
i)e regardc'd as iron pyrit(‘s, lAsS.., in wliicdi one atom of 
sul])hur lias Ixhui replacml by om^ atom of arsenii*. 
Among other arscuiic com|)ounds (h'serving s])ecial nuui- 
iiou are tlie two arsenides of iron of tlie formulas FeAs^ 
iiiid th\^As.„ which are apiiarently analogous to the sul- 
])liides FeS,^ and Fe.,S., ; and, furthei', th(‘ sulphiihss of 
-‘irsoiiic, orpinient, As.^S.„ and riu-dgar, As,.S.,. 4die oxide 
As.O,^ occurs in consiihn’ahle (piantity, and also salts of 
fii's(Miic, acid, or tlie ars<‘mit('s, wliiidi in composition are 
aim logons to the p]ios])hates. 

Preparation. The a rsmiic whi(di comes into the nnirket 
is either tliat wliich occurs native or it is made from 
urseiiicud pyrih's by heating: 

FeAsS : FeS -|~ As. 

T1,c arsenic thus obtaiiu'd is not purix By bringing a 
lilUe iodine in tlie bottom of a, ])orc(dahi crucibh‘, j)ut- 
btig the arsenic u])on it, and heating, tlu' arsenic ac- 
T"ii‘es a high rnetallic lustre, and once in this condition 
d will remain so for some time even when exposial to 
tli(' uir. 

Proportios.— Ars(U)ic has a metallic lustre and stmd 
rolor. It is very brittle. AVhen heated it volatilizes 
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witliout melting. At red ]ie;it it burns with a hluislj 
Ihime, and the vapor given oft’ has the odor of garlic. 
This odor produced under such circumstanctis is \('rv 
charact(U‘istic of arscuin*, and furnishes ojie of tJie iik mus 
for detecting it. Arsimic combines with most ejenn iits 
directly, the action l)eing ac'compaiiied in some cases, .is 
in tliat of (ddorine, by an evolution of light. As an (‘le- 
nient it is not poisonous, but when oxidiziul to the Ini in 
of tlio oxide As./).j it is extremely pois(.)nous. As il is 
(S'lsily oxidized, tlui (dement itself may act as a jjoison, 
When boiled with nitric! acid arscuiic is converted ialo 
arscmic acid, lI,,As( )^, just as phosjdioriis is converted l)\ 
nitric acid into ])hosphoric acid, 

One peculiarity in the conduct of ai'scuiic is siiggcsslivi', 
and that is its powc'r to foinn compounds which are an- 
alogous to the conjpounds of sul])hur. There are a 
nnmluu'ot com[)ounds similar to arscniical pyj'it(‘s wliicdi 
appcair to be pertectly analogous to the sulphur eoin- 
])ounds, and in tlnun it s(M‘nis msM'ssary to assume that 
the arsenic- plays tin' saim‘ part as tin' snl])liur. On tin' 
other hand, ars(mic conducts ils(df in maaily all its eoiii- 
poiinds lik(‘ ])lios])horus. d'his j)ow(n‘ to ])lay doiihli' 
j)artsisnot unc'ommon among the ehnmnds, and we sliall 
hereafter meet with a nunilxn* of «*xainph's. ddie cas(' ef 
mangam^se is one in p(»iid. W hile it conducts its(df in 
some of its (^-om])ounds like tln^ members of the chle- 
riiK! grou[), to whicdi on account of its ])(;sition in tlio 
})eriodic systcmi w(! should ex])ect to tind it related, y t 
it is juudiaps mon^ edosedy ladatcal to iron and (throiniiiiii, 
whi(!h b(dong to dillVnamt grou])s ; and so, also, chromimn, 
which in many r(*sp('ets r('S(md)les sulphur v(‘ry stiihing- 
ly, is like iron and aluminium in otlnu* respects. 

Arsino, Arseniuretted Hydrogen, AsHj. — T’his c(»iii- 
])omid is analogous to ammonia and to gaseous ]di(*s- 
phine. It is made by reduction of compounds of arseiiin- 
containing oxygen, as ai'scmic trioxide or arsenic acid ; 
and also by treating a compound of zinc and arsenic with 
dilute sulphuric acid. The reactions involved in the 
first method are 
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As,03 -1 - m, 2ASH3 + 3H,0 ; 

H3 As(), + 4H, = AsH; + 4H3O. 

Tliat involved in the second method mentioned is: 

As.Zn^ + 3H3SO, 2Aslf3 + 3Zn80,. 

Arsine is a colorhiss ^;is witli an odor sn^^estive 
of garlic. It is extremely poisonous, even very siuall 
quantities being capable of ])roducing bad effects, and it 
i('(piir('S but little to cause (haath. Whcui ignihul in the 
air it takes fire and burns Avith a pale bluc‘ Ihiiiu', tlu'! 
pioducts of the combustion Ixdng arsmiic trioxide, As., 
aid water. If the aJr is prevented from gaining free 
access to it the hvdrog(m burns, but tlie arsenic is 
deposited as a brownish la.v<‘r. 44ie gas is so unstable 
that, when it is jaissial through a glass tube heated to 
redness, it is decomyxased into aa’seni(^ and hydrogen, the 
t'oriiH'r Ix'iiig d(‘])osit(‘d just in front of the heatml ])or- 
tion of the tube as a thin, almost black, layer with a high 
metallic lustre. 

Arsine is easily decomyiosed l>v most adive cheinical 
snl)stanc('s. Water and comamtrated acids decompose 
it; as do chlorine, bromine, and iodine, whiidi form with 
it tlie coria'sponding acids, and compounds of chlorine, 
hroinine, and iodine with arsenic*. 

Passed into a, solution of a nndallic salt, arsine (uHkm* 
reduces the salt and throws doAvn the metal as in tlie 
case of silver ; or it forms an arsenide of the nudal, acting 
ill this case very much as hydi’ogeu sul]ddde do(*s w h(*n 
}'ass('<l into similar solutions, (lonsidcuing the iiistahility 
c)l arsine, it is not sur]>]-ising that it acts as a reducing 
'igcait. It will be renuunbered that liydriodic acid and 
livdvogcni sulphide a,(*t in the same way towards some 
oN vgen com])ounds, and the action is due to their lireak- 
iiig down into hydrogen and the other element. Thus, 
'when liydriodic? acid acts as a reducing agent the iodine 

left uncombined, and when hydrogen sul])hide acts in 
ll'is way the suljihur is left. But when arsine acts as a 
reducing agent both the hydrogen and the arsenic com- 
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bine with oxygen. Tims, when arsine is passed into a 
solution of silver nitrate this reaction takes place : 

Asllg -f- dAgNOg -f- dHgO As(OH) 3 dHNO^ -|- oAg. 

When, on the other hand, arsine is passed througli u 
solution of a salt of a dithcultly redu(*il)le metal, the ar- 
senide of th(^ metal is tlirown down : 

2ASH3 + :KhiS(), AsAhig -f 

Arsine does not eond)in(' with acids to form arsoniinn 
compounds such as AsHJ, analogous to ammoniuni and 
phosphonium compounds. 

There is a S(MM)nd com})ound of arsenic and hydrogen 
which is solid and a])])(n‘irs to have the com})osition iv])- 
resented by the formula AsJI.^. 

Antimony, Sb (At. Wt. 111).52). 

Occurrence. — Aidiinony occurs in nature chietly in t!i 
form of stibnite, which is tln‘ tiisulphide Sb^S^. Idiis ah( 
occurs very wid(dy distriVnited in nature in comhiiialicii 
witli sul[)hides of various metals, as co])per, l»nid, and 
silver. Tlie (dement is made from the sulphide eitlier liv 
Inciting it with iron, with which the sulphur comhiiit s, 
halving the antimony free ; or by roasting it, that is, laad- 
ing it in combination with th(‘ air, thus conveu ting tin* aidi- 
mf)ny into the t(droxid(^ Sb./),, and the sul])hur into ilif' 
dioxide SO.^, and then tnn-dingthe oxid(‘ of antimony Yitk 
reducing agents, as, for example, carbon : 

Sl>/), + 40 ::r3 2 Sb 4 - 400. 

Properties. — Antimony is hard and brittle ; has a silver- 
Avhite c(dor ; a,nd a high metallic lustre. It can be dis- 
tilled at white heat. At ordinary tem])eratur(' u is not 
changed by contact with the air. Wlum heated to a sidli- 
ciently high temperature in the air it takes fire and burns, 
forming the white oxide Sb./).,. It combines directly v dli 
chlorine, forming the chloride SbOl^. iMirric acid oxidi 'os 
it either to antimony oxide, Sb.^Og, or antimoiiic at id. 
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H S1)0,. Aqua regia dissolves it. Hot eonecntrsited sul- 
pliiiric acid dissolves it, forming autiinoiiy sidpliato, and 
siil|>Uiiv dioxide escapes. Tliis action is siindaL' to that 
wliich takes phxce wlrtei sulplun-ie acid acts upon copper. 
]t is probable that the foriiiation of the sulphur dioxide 
is due to the action of the hydrogen li])erated from the 
sul])liuric acid by tlie antimony in forming antimony sul- 
pliate : 


2Sb + 3H.,S0, Sb,(80,)3 + :1H, ; 

3 H 3 SO, + 3H, = 3SO, h 


'riiis power to replace the hydrogen of some acids dis- 
tinguishes antimony from arsenic and phosphorus, while 
its power to form acids corresp)ondiug to those of phos- 
phorus and arsenic shows its analogy to tlu'se elements. 

Applications of Antimony Antimony is used as a 
(‘oiistitueiit of several alloys which are somewhat in- 
(k'lliiite compounds wdiich metallic elements form with 
()ii(‘ another. Among the alloys of antimojiy are typo- 
iiK'tal, from wdiich type is made, and britannia nndal. 
Tln^ former consists of lead and antimony, and the latter 
i»l‘ lin and antimony. There are a number of alloys wdiich 
"oiitain antimony which wdll be referred to under the 
othm- constituents. 

Stibino, Sblla. — This analogue of ammonia, phosphine, 
I'ld arsine is more like arsine than it is lik(> the oth(*rs. 
it is made by the same methods as those usimI in making 
-irsiiu', V.C., by treating an alloy of /inc and antimony 
with sulphuric acdd, or by reducing oxides of antimony 
by means of nascent hydrogen. The latter nudhod givi's 
a gas whi(di contaijis a large percmitage of hydrogen, but 
liu‘ most ]nirposes this is not objectionable. It is only 
iH’cessary to introduce into a Jla.sk containing zinc and 
dilute sulphuric acid a little of a solution of some oxy- 
gen compound erf antimony, when Ihe reduction^ is at once 
eltected, and the esiaiping hydiMgen contains stibiiie. 

Stibino is a colorless, inodorous gas, which l)urns with 

greenish-whit(», llanu*. Tn gemu'al, it c(niducts itself 
‘J'ucii like arsine. It is unstable and bn^aks down wdien 
die tube through which it is passing is heah'il to red- 
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ness. It then leaves a deposit wliitdi looks lik,. 
formed in the case of arsine. A\dien a cold ohjed, as i 
piece of porcrdain, is iield for a moment in a haiiia ,,f 
stibijie a dark di'posit is formed whicli resem])l(^s (li it 
formed witli arsine. 

Methods of Distinguishing between Arsenic and Anti- 
mony. — As arsenic* is fnupientl v used in cases of jy()is(,i,- 
ing the (piestion of dc'ciding wlietinu* it is ])resent in ,1 
given Ii([nid or mixture is of great impojfance. of 

tlie ciiief (litHcultic's em-onntercal is the simiiaritA of 
tlie two elennmts arsenic and antimony. Tiie nnOluxL 
comTiioidy employcMl in (*\amining a snhstance for arsenic 
is knowji as J/n/’-vZ/kv test, 'fids consists in getting IIk! 
suhstaiu'e in solution, and tlnm pouring some of the 
liquid into a vessed (‘outaining [>u)-o zinc, and pnn^ dilute 
snl|)hni‘ic acid. If arscude is presemt in the solntioii it 
will, under tln^se circumstances, be comerted into arsine, 
th(i ])res(uice of which can la^ recognized by h(niting the 
tube through which the gas is passing, and by holding a 
piece of porcelain in the llame. If dc^posits are not 
foi’iiK'd in the tube or on tln^ |)orcelain, arscude is Jiot 
present; l,)ut if de[)osits are lormed, the oidy conclusion 
that can l)o drawn is that nther ai’scvnic. o/* antinlon^■ is 
present, or possibly both may l)e 2)resent. Tor the pm- 
pose of distinguishing betweem tln^ two ehmumts, advaie 
tage is takem of the following dillVu'eiTccns betweam tln^ 
spots : The antimony spots aim darker than those f.)nn.'(l 
by arsenieg and they have a smoky appcnnraiiccg while 
those of arseidc have not; fiirthei*, llu'i arscuder (hq>osits 
are quite volaiihg and cam therefore be driven before the 
hann' in the tube or upon the ])orcelain, while those of 
antimony are not volatile; again, the de])osits of arsenic^ 
a7-e easily soluble in a solution of sodium hypochloril.^ 
nr hy])()bromite, while the antimony deposits are in- 
soluble in these solutions. Tlnuc aye other dilferemM'^, 
but those meutioned will suffice to enal)le a careful 
\vorker and observer to distinguish between the two witle 
out any possibility of doubt. Another diflicidtv always 
encountered in examining for arsenics is the fact thaf tic 
sulphuric acid, the ziirb, and the glass of which the ves- 
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s('ls are made coiitaiu arjmmie. It is quite possible 
to (,v(a’eom0 all the diflieulties and to decide positively 
Avla ther arsenic is present or not. If it is found that on 
lu'.itiii^ tlie tube tliron<^li wliicli the liv drogen is passing 
]i() deposit is formed, even after coniimied heating, and 
that the liydrogen llame gives no d(‘posit upon a piece 
of |)()ri*(daiu introduced into it, tUen it is safe to proian'd 
with the (‘xamination ot tin' susp(‘cled Ihpiid. If the 
substance wliicb is to be exaniimHl for arsenic lias to be 
tiaaited with clnMnical compounds in order to ])iepare it 
for aaialysis, ev(‘ry compound used in this part of the 
process must bo separately exainined for arsenic. 

IbsMiiTH, Hi (At. A\d. 20f>.r)4). 

Occurronco, etc, Jlismnth is not abundant nor Aviilely 
distril)uted in natnr<\ It occurs for the most part nedive 
in V(dns of granite and clay slate. Among tin' compounds 
of bismutli found in natuia^ a re tin' < \d(h' Hid >3 and tin' 
(•orr(^s[)onding sulpliidi' l>i._,S.,. 

Idle or('s a,r{^ roastr'd and then treale<l with aj)|)ropriat(^ 
reducing agents. In dilli'rent ])laces ditVei’ent methods 
of (sxtraedion ar(* ('ni[)loy(‘d. As tin' (dii('f applications of 
hisinuth are for pharmact'utical pui-pos('S, it is n('c('ssary 
tliat tln^ ('h'lnent shouhl Ixa s])ecially ])nrr' ; above all, 
lliat it shouhl not bo contaminated Avith arsenic. In 
ord('r to ju'inovc^ the last trac(‘s of this (‘h'nn'iit the poAV- 
d('r('d bismuth is generally m(‘lt('d Avitli saltp('t('r. 

Tlismutli is a liard, britth', r('ddish-Avhite snbstain'e 
'vitli a metallic lustre. It looks very much like antimony, 
hut is distinguisln'd from it by its rt'ddish tint. At or- 
ddriary hnnperatures it la'inains unchanged in the air. 
b hen heated to lU'd heat it burns Avith a bluish flame, 
iorming the yelloAV oxide Bid!,. 

Hydrochloric acid scarcely acts upon it; concentrated 
J^ul]diuric acid forms bismuth suJpJutfc, BidSOd,, ie Avhich 
the bismuth evidently plays the part of a base-forming 
‘'hnnent ; nitric acid gixa^s bisuinth nitrate, Bi(N()d,, Avhich 
]airtly deconi])osed by Avater, forming so-called basic 
iht rates Avhicdi are ditlicultly soluble in Avater. These 
^alts Avill be taken up in the next oliapter. 
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Some bismuth is used in tlie prepuratioii of alio vs 
^vllic*ll are easily fusible, as, for exain[)le, Newton’s hk hil 
wliieli eoiitains bismuth, lead, and tin ; Hose’s nu lal 
which consists of the same constituents in slight 1\ dif. 
hu'ciit pioporiions ; and A\ ood’s metal, wliicdi consists 
of bismuth, hnid, tin, and cadmium. 

JJisiiiutli does not coiiibine witJi hydrogen. 

Compounds of tho Mombors of the Pliosphorus Group 
with the Members of the Chlorine Group. — In the intio 
duction to this clia[)ter it was statiul that tln^ ehuneiitsof 
the phosphorus gi’ou[) combine with chloriiu' in t'vo 
proportions, forming com|)ounds of tlu' gcnn'inl foi-miilas 
3I(d., and Arsenic, howev(M', forms only oik' (‘(un- 

])ou]id with chlorimg AsCl,, whih‘. bismuth forms oiu' d! 
th(^ fornuila l>iCl.,, ami a.notliei-, Jh’„d,. Idie com])()ii]i(l ; 
of phosphorus and chhnine ai*e Ihe b(*st known, and a 
brief study of th(‘S(" will giv(' a fair idea of llu' imdlmds 
of preparation and tin* conduct of tin* aiialogous cein- 
pouiids of the otlnu’ nnnnb<*i's of tlie grou]). 

Phosphorus Trichloride, PCI,, is mad(' by conduct Iin^ 
dry clilorine gas upon phosphorus in a retoi't coninudiMl 
with a r(*ceiyer. Action takes place* at once* with ('vo- 
lution of heat, and the triiddoiide distils ov(*r and is 
condensed as a li([uivl into tin* r(*c(*iv(*r. It is ])uriri(Ml 
by distillation on a water-bath. It is a ch'ar, ccdoi- 
h*ss li([nid, whi(di boils at 71’. In contact vyith aii' it 
tuiin'S in (.'onse<[m*ncc: of tin*, action of tin*! vvat(*r vapor 
which (h'coin pose's it. It has a disagre'e'able odor of its 
own mixe'd with that of hydrochloric acid. Its most 
(diaract('risti(! dee'ompositiou is tliat which it undergoes 
with wate'r, which is of the sa.me hind as that xyhiedi IIk' 
( hlorides of sulphur, se'lenium, and te'llurium undcige 
with water. Thei general tendency of the chlorides of 
the acid-forming eleme*nts is to undergo deconij)osil ioii 
with watei- in such a way th.it the corr('S])onding hydroN ^ i 
ce)m])ound is formed, together with hydrochloric ae id. 
’rids is shown in the case of tellurium tetrachloride, whioli 
with water forms normal tellurious acid, Te(OH)„ and 
hydrochloric acid : 



PHOSPUOBUS TRWIILORIDE. 


313 


TeCl, + 


HOH 

HOH 

HOH 

HOH 


= Te 


roH 

OH 

OH 


+ 4 HCL 


OH 


In tliB case o£ sulphur tetraehlovule the hydroxyl de- 
rivative, it foruied, l)i*eaks down into water and sulphuv 
(liovide. When phosphorus tviehloride is treated with 
wah'i- the decomposition is })robal)ly re[)r(‘sented by tlie 
cMpiation 

HOH (OH 

PCI, -1~ HOH = P OH -I 
HOH (oh 

Prom some ex])('iim(mts it a|)|)ears ])Ossible that this 
foi'm of (iompoiind is imstabh', and that, owing to the 
marked tendency of pliosphorus to act as a ([nimjnivahmt 
element, tlie constituents arrange tlnmisidvi^s (lilleiamtl v, 

as rc^presented in tln^ tormula 0“'P- Oil. lliis(|m's- 

( OH 

tioii will be ladei'i’ed to under tlie liead of Phosphoianis 

Acid. 

The tric'hloride shows a strong tendencv to take up 
cldoriin^, bromine, iodimg oxygmi, and sul])hur, and thus 
to laa'onn^ saturatiMl as a (piimpiivahmt tdmneiit. ^\ ith 
vliloriue it forms the pmitachloriihg bClj^, with oxygen 
di(‘ oxychloride, IT)( 'l.^and with sulphur the svdphochlo- 
lidt', It does md, however, rc^adily tak(‘ uj) free 

<»xvgi'ii or free sulphur directly, but will take up these 
'h'liKuits from compounds in whiidi tlu'v a, re not tirndy 
^>*dd. Thus, wlnm the triiddoiPh^ is brought together 
'\ith siilpliur trioxide this reaction takes place ; 


SO3 + PCl3=^POCl3 + so,; 


and when it is brought together with a ])olysulphide, 
Na,8„ it takes up a part of the sulphur and forms 
Ike sulphochloride, PSCl.,. So, further, it is converted 
I'do tile oxychloride when treated with ozone, d'hese 
^' actions show the marked tendency which the trichlo- 
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ride liiis to ])mss over into (‘ompoiunlB of qiiinqiiiv;il,,i,| 
pliosphorus— a tejuleney wliicli is cliaracteristic of jiljos- 
pliorus eouipoumls in genei al. 

Phosphorus Pentachloride, PCU, is formed by 
idiospJiorus or the trieldoiide with dry ehloiine. ]\ 
is best passing eld(^rine tlirouji^li a A\ i(l(. 

tube upon tlie surface of tlie trichloride', ('oiitaiiu d 
in ;i vessel, whicli is kept cool. (IradualU' Hu 
li{[uid becomes thicke'r and tliicke'r, and tijiallv, if 
stirred, it ])('com('S solid. It is a whiter solid, bat it 
j^ejK'rally has a sli^litly yc'llowish or ;j;i’('enish (.'oloi' in 
cons('(pience of a sli^^ht (h'composition into tin* Iri- 
chloride' and fre'e' chlorine. It sublijiies l)elow lOO 
without medtin*^. A\dnui heated to be)iliii^ it uiidt r- 
goes [eartial deH*om jxesit ion into chle)rin(^ and the triclile- 
ride, aiiel this deH'om [)ositioii is e*e)mplete at al)e)ut dOOd 
As the te'mperature is I'aise'el fre)ni the apparent l)e)i]iii^' 
2)oiiit to the ])e)int at whicli the eh'comjiosition is coiii- 
2)l('t(', the e'oleir of the^ vajior is seen tei j^reiw d;iik('i 
in conseniuence of the increaised epiantity of frei^ chlo- 
rine' prese'iit. d'he decomposition is ^raelual, and, for 
any ^iven te'mperature', the‘ ameiunt eif de'e'onqiosil ion 
is constant. This kind of ele'compeisition, which is known 
as e//.s\S‘nch/^/o/?, has be'e'ii studie'el ve-ry carefullv, and is 
founel to be eaipalile of exjiianation by the aiel of ilm 
kinetic theory of jjjase'S. In a late'i* clia])t('.r this subjoed 
will be ti’eate'el, and a number of otheu* ('xaiiqih's will hr 
given. Owing tee this elecomposition under the inllnenie'r 
of heat the specifier gravity of the vaiior of 2)h()S])lna iis 
pentachloriele is not what it should be, if the formuln is 
PCI,. On the other hand, the s])ecilic gravity eif tin' 
va|)or of the trichloride leads to the ferrmula P(d,, niid 
that of the oxychloriele to the formula POOl.,. The^ n)e 
jiare'iit anomaly ])r(‘sent(‘d by the jientaediloriele is easily 
understood. AVhen a molec.uh^ of the (;om])ound is ceie 
verted into va|)or, or is heated to a sufliciently hiyli 
temperature, it is broken down in accordance with tins 
equation ; 

PC1.=.PC1, + C1,. 
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l^^roTii the one molecule, therefore, two gaseous mole- 
cules are obtained. Conse(][uently the vapor formed oc- 
cii])ies twice as much space as it wijuhl if tliere were no 
(Ic'eomposition. It follows that the specilh; {gravity of 
the vapor must b('. only half what it would be if there 
\v('re no decomposition. Wlien the compoiiud is con- 
verted into va2)or in an atm()S])liero of phosphorus tri- 
cliloihh*., the decomposition referred to does not take 
place, and, under these cireumstaiices, the specitic gravity 
is found to be in ae(*ordance witli Avopjadro’s law, and 
with tlie formula PCH,.. ^Fliis ease is a, pailieularl y iii- 
t('resting one, as it has ])lay«'d an im|)ortaiit part in 
tlui discussions in regaial to the validity of Avogadro’s 
law. 

d’he conduct of phosplioiais |)eidachloride t«)wards 
watiu’ is in general lilu' that of tlui other (ddorides of 
acid-formifig elements. Jhit, owing probably to a second- 
ary aedion, the product is not the (‘oi'resjvoiidijig hydroxyl 
(■uia|)ound. it is ])rol)a.ble that the first a(dion of the 
water is represented by th(‘ (upiation 


roh 


II MO 
MHO 


( OM 

OM -f 2HC1. 

( Ob 


ihit this product, if formed, breaks down at once into 
l)h()S])h()rus oxychloride and watei’, and the water thus 
Kiveu off acts upon a further quantity of the penta- 
‘•‘hloride ; 


I he formation of the oxychlorides from the penta- 
' hloride by the action of water takes place very easily, 
riui oxychloride is then further acted upon by the water, 
'i^id each chlorine atom is replaced by hydroxyl : 

HOH ( OH 

OPCl, + HOH = OP^ OH -f 3HCL 
HOH ( OH 
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The final product is the acid H^PO^, or 
acid. 

It will he seen that the cfiect of pliosphorus ]>( ni;,. 
chloride upon water is to replace the hydroxyl cf ih,. 
water by chlorine. Thus, one molecule of the 
chloride and five molecules of water j^ive one Jiioiccuh 
of phosphoric acid and live of hydrochloric acid ; 

HOII HCl 

HOH HCl 

PCI 4- J K ) 1 1 OPfOH),, 1 H ( U + H,0. 

JlOB H(U 

liOll HCl 

In the reaction, the hydroxyl of t\u\ water and the 
chlorine of tin? chloride i'xchaii.^e places. Siinil.nly, 
when any (‘ompound which contains hydroxyl is 
with ])hosphorus ])(udachh)ride tiny sanu^- naiction takes 
place, the hydroxyl bein^^ re])hiced by chlorim^ 'I’lieiv- 
fore ])hosphorus pentachloridc'; may be used as a reayieiit 
for tostiny,^ for the hydroxyl condition in compounds. If 
a c()m]>ound whi(*h contains hydro^(*n and ox \ pen is 
treated with the pentachloride, and an atom of hydre-eii 
and one of oxy<^(m is r(‘,])lac(;Ml by an atom of chloiiiie. 
the conclusion is draovn that the compound cont.iiii^' 
hydroxyl. This, of course, amounts to saying!; thatiln' 
t’ompouml i*(^S(md)h'S wat(U" in its laaict ion with tlu^ pent i 
chloiid(', Jind this is most easily explained by ilie as- 
«um})iion that tlui saim^ condition exists in botli. h 
should b<‘. borm^ in mind, further, that, in ^emvial, mi} 
com])ound of chlorine with a,u acid-forminp; eletinnj 
which underjjjoes (h*com])osition with water mijj^ht h(' ws' ' 
for the same purpose. The action of the pentachleii'l' 
upon a hydroxyl coni2)ound is well illustrated in the cast 
of sulphuric acid : 

The aolion of the oxychloride would take place as lep 
resented thus : 
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+ POCl. = PO(OH), + 3SO,<glg. 

Phospliorus forms a tribromide, PBr,, and a penta- 
bromide, PBr^, similar to the tdilorides. Witli iodine it 
f(O itis the comi^ounds B,J, and BI., , and with lliiorine a 
trilltioride, BF,, n,nd a p(‘ntallnorid(‘, BF,. 

Arsenic Trichloride, AsCla, is the only compound wliich 
iTsmiic forms witb cldorine. It is easily made by passini^ 
clilorine into a retoi’t containini^ ])owd.e. ed arsenic. It 
is ;dso formed by the action of ]>liospln)riis pentaclilorid(' 
ell arsmiic, trioxi<h‘, in Avhicli case the oxygen of the tri- 
oxide is sim])ly lejilacod by cldorine: 

AMb I - dF(d, r -f- 2A^C],. 

Further, it is obtained when dry livdrocldoric acid gas 
is passed ovm* arsimic trioxidi^ and it is present in solu- 
iioii wIkmi the trioxide is dissolved in strong hydrochloric 
a(‘id. 

Arsenic tiichloride is a liquid whiidi boils at about . 
13F. It is extrenudy ])oisonous. If a h vdroidiloric acid 
solution of th(' tri(‘h lorid<* is boiled, it glasses ovtu* vheii 
the t(Mn])eratiu*<‘ rises above 100'. When substances 
voulaining arsmiic are heated in a, retort with sulpliiuic 
acid and sodium chloibhy arsimic. chloride is formed and 
passes over into the rmadviM*. 

Wlnm arsmiic trichloiide is treated with a little wab'r 
two of the chlorine atoms are ret)la.ced by hydroxyl, thus : 

( ^ 

(ci (fi 

If treated xvith much water it yields arsenious acid ; 

AsCl^ + 3H,() . : As(OIi)3 + 3HC1. 

We have here a curious illustration of the effect of tlie 
^'clativo quantities of the substances which take part in 
reaction upon the nature of the reaction. When 
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jirsonic trioxido is treated witli an excess of liydroclilon^, 
acid it is converted into the cldoride : 

As,() 3 1- (>1101 2ASOI3 -f 3H3O. 

li, on the other hand, the chloride is treated with a 
larj^e excess of water it is coniphdely hroken tlowii, xit hk 
tlie trihydrox yl derivMtive, or ai'stniious acid. TIk iv 
are nnrnyotlier illustrations of this kind met with anion^r 
clnmiical reactions, and the siihjhet of tlie intliKMiei' of 
mass in determining the elm racier of n, j eaadioji lias Ixcii 
studied with much can'. d1iis sul)jVct will receive at- 
hmtion in a later cha,[)t(‘r iindm- tli(‘ luaid of iMass xVcl ion. 

Com'poiinds of Antimony and Chlorine. Antintony loi in.^ 
two compounds with i-hlorime analo^;)US in compo- 
sition to tlu" two cliloridc's of phosphorus. Tliosi' 
ar(> iUitumntjf t nrliloridr, Shl'l,^, and pvnUt- 

chJorldf’, Sl)(d,,. The tiich huh h^, is formed l>y (liivit 
ti’eatment of tin'; elcnn'ut with chloiine. It is also 
formed hy dissolvini^ antimony in h \ drochloric* acid 
with addition of nitric acid, and when tliis sc)lutioii 
is distilh^d tli(‘ cldoride of antimony passes ov(‘r. At tln^ 
ordinary hmipciratuia's it is a solid, coloidess, crystal- 
line, soft sul)stanc(‘, wliich, on accoujit of its consistcaicv, 
has received tln^ common name “ hiitter of antimoii v ” 
{ Ji ntyruui ^{rdunonn). Wlnm tianatf'd w ith water it forins 
an oxychloride, the composition of w hi(di varies a.cc(U (liii,i!,' 
to circaimstanc.es, hut it gmau-ally apprwximati'S to (hat 
represented by the formula Sb/lAdl^. If treated with 
cold Avater the decomposition is simple, the product 
being antimony oxychloride, SbOCl : 

SbCl3 + H./) SbOCl + 2HC1. 

Tlie oxyclilorides formed by treating antimony tri- 
chloride with hot water, wliich, as already stated, have 
a com|)osition approximating that represented by the 
formula Sb^OjCl 3 ,are knowui an Poivder of Algoi'^dd 
The relation of this compound to the simple oxychloi ide, 
SbOCl, is indicated by the equation 
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5SbOCl Sb,0,Cl, + SbCl,. 

Liquor Stihii Muriaiici is ii solution of antimony tri- 
chlorido prepared by dissolvinj^ antimony sulphide iu 
concentrated liydrocddorie acid : 

Bb.S^ + ()HC1 .iz myCA, + :m,8. 

Antimony eldoride has a eaustie aetion and is used iu 
mo.iVunne. It is also used for the purpose, of burnishing 
iron ware, as gun-barrels. AVhen treated with the eldoride 
they atnpiire a broAvnish, bronzcvlike color. 

l^nitachloride of Anti monij in general like the pen- 
tueldoride of phosphorus. It gives up its eddorine, 
liowever, somowliat iiiore readily. Wlien treated with 
water it yields lirst an oxyeldoriile, Bb(),,(d, and this is 
furtlier acted upon and converted into aiitimonic acid, 
IbSbO,. 

Bismuth and Chlorine. — Ilisniuth diflers from the other 
iiienil)ers of tile phosphorus gi'oup in itscomluet towards 
clilorine. It forms the chloride, Jli^d,, of whiidi 
tlien^ is no analogue among the compounds of the other 
eknm nts of tlie grou[) with chlorine. Idie (*om])ound 
may, lioAveA^er, lie rega,r<le(l as analogous to the hydrogcni 
ceiapouiids hydrazine, NJI,, ami licpiid pliosphine, 
Ihsinutli flichloride, Hi,, Cl,, is formed liy i(Mluction of tlie 
tricliloridi', HiCl,,, wlnm the latter is treated Avith liydro- 
k'cn at a temptn-atare of about 3()0‘k Jiisinnfh trichloride, 
bi(d,, is formed by tn'ating bismuth Avith chlorine, and 
by (lissohdng bismuth oxide', in hydrochloric acid. 

Ii'om this solution a (*i’ystalliz(‘d comj)ound of the 
b'i'mnl;|. BiCd,, 1I.,() is deposih'd, and it is im 2 )ossiblo 
drive all the Avater oil* from this com])ound without 
causing decomposition. Treated with AA%’iter the chloride 
decomposed, forming the oxychloride, BiOCl : 

BiCl3 + H,0 = BiOCl + 2HC1. 

I^ouble Salts. — AVhen the chlorides, bromides, iodides, 
fluorides of the members of the jihosphorus group are 
I't'afed Avith the corresponding salts of potassium, sodium. 
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aiul some otlier strongly marked laise-forming 
compounds known as double salts are formed. Tims' 
wlien antimony trichloride is treated with a strong wat, ,. 
solution of potassium chloride, a salt of tlie coiu])ositi(iji 
SbCl^.TKCl is formed. This compound apjiears to I,,, 
analogous to the oxygen compound Iv^SbO^, or j)otassiii]ii 
antinionite, diflerijig from it in contaijiing chloiiii«> j], 
2 )lace of the oxygen. AVhile the latter is derived fiom 
an acid of the composition H,T‘T)0„, the former apix ajs 
to b(‘ derived from the corresponding chlorine acid 
H,Sb01„. Siniil ar compounds of sul 2 )hur and tellnrinni 
are known, and one was referred to on inige 205. This 
is the 2)otassium compound K/reBr, or T'eBi\.21vih, 
which, as ex])lained there, is analogous to 2 )otassiiiir 
tellurite, K,TeOj. 



CHAPTER XVIII. 


( UMPOUNDS OF THE ELEMENTS OF THE PHOSPHORUS 
GROLIP WITH OXYGEN AND WITH OXYGEN AND HY- 
DROGEN. 

Introduction. — Tlie product o£ tlie direct action of 
oxvj^eii upon phosphorus is the peutoxide Ar- 

s(^aic, antimony, and bismuth, however, form the tri- 
oxides As.Og, Sl),()„ and It is })ossible to obtain 

a compound of arsenic; and oxyj^eu of the formula As./),, 
one of antimony, 8b./ )^, and another, Sb/)„ and, finally, 
two oxidcis of bismutli, Bi./), and Bi.,0,. Pliosphorus, 
furilier, forms the oxides 1^0, IV), , and P,0^. The 
taldo below (contains tlie formulas of tlie above-men- 
tioned compounds systmnatically arranged: 


r.o 



Bi.,0. 

P,0. 

As./), 


Bi.O. 

r,o. 


Hl'.O. 


r.o. 

As.O. 

si>,o. 

Bi.O. 


Tlie tin<al products of the oxidation of the elements of 
tliis group, if Avater is pn^smit, are pluAsphoric, arsenic, 
aiitimonic, and bismutliic acids. All of these are well- 
marked acids (except the last. Tlu'v can all be rc'garded 
MS derived from the normal acids of the gemuail formula 
M/)H), by loss of one or two mohnudes of water. The 
cojiimoii forms of phosjihoric, arsenic, and aiitimonic 
acids an; those which lire foriiKul from the normal acids 
hy loss of one molecule of water : 


P(OII). 

p(0 

^ \ (OH), 

+ 

H,0; 

‘Tinal phosphoric acid 

Orthopliosphoric acid 



As(OH). 

. ) o 

(OH), 

+ 

H.0; 

Normal arsenic acid 

Orthoarsenic acid 


( 321 ) 
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Sb(OH). = 

Normal antiinouic acid Orthoantimoiiic acid 

Bismutliic acid appears, however, to be formed from 
the normal acid by loss of two molecules of water, just 
as the so-called meta/phosphoricy metarseriic, and vidanti- 


moriic uciils are : 




Bi(OH). 

Bi ^ 

( OH 

+ 

2H,() ; 

Normal bismuthic acid 

Bismiiiriiti acid 



P(OH). 

i> ( o, 

^ ( OH 

Metapliosphorie acid 

+ 

211,0; 

As(OH). = 

( OH 

+ 

2H,0 ; 


Mctai'sciiic acid 



Sb(OH). = 

Sb ' 

!>l> ^ oij; 

+ 

2mo. 


Mctantiinoiiic acid 


From tlie ordinary or ortho odds, and from the iiidd 
adds, more com|)lex forms can ])e derived by loss oi 
dirteront (pianiitic^s of Avater. most (Common foijii 

besides those nnmtioned is that seen in tln^ so-c;ill''<l 
pyro adds, of AV’hh'h jivrophosphoric acid is tln^ best 
known example. It is formed from tin', ortho acih I'.v 
loss of one molecule of wat(‘r froni two moh'culi s cf 
the acid, just as 2 )yrosul])]Hiric or (lisul])hurii* acid is 
formed frotn two molecules of ordinary sulphuric acid 
by loss of one molecule of water'. The formation "t 
pyrophos})horic acid from (irtliojrhosphoric acid latcs 
place according to the eipiation 



FJ OH 
OH 
O 

OH 
OH 
O 



+ H,0; 
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or 

2H3PO, + H,0. 

Orthophosphurie acid Pyroplmsplioric acid 

Fyroarstiiiic and pyroaniinioiiic acids boar the same 
relations to the ortho acids that |)yro 2 )hosphoric acid 
bears to orthopliosphoric acid. 

By partial oxidation of ])hosplionis in pjosonco of 
Avater, phosphorous acid, H 3 PO 3 , is forined. The same 
jicid is forined by tlie action of phosphorus trichloride 
oil water. A(;coi'ding to tlie latter nnihod of fornnition 
we sliould expect to hnd tliat this acid is normal phos- 
])li()roiis acid, P(OH) 3 . As already slatnd, however, it 
appeal's ])rol)able that the acid has the constitution 
Ai 

O P on. d1ie mids of aisenic and antimony of 
"^Ofi 

similar composition si'cm to b(‘ the normal atids As(OH), 
ami Sb(()H),. Th(^ hydroxyl dm'ivative of bismuth 
col la'spondi ii^ to thc*s(^ acids has no acid 
blit on the contrary is basic, llypojihospliorous acid 
has tlie Composition H,,TM) 3 . It is monobasic, and it 
appc'ars therefore that it (‘ontaics but one hvdi'oxyl, as 
|■<‘pl•(m(‘nt(‘d in tin' foi'inula H.,()lh ( ) 1 1 ). It is jiossible 
that the rc'lations Ix'twec'ii ])lios])horic, phosphorciiis, 
and liy|)o])hosphorous acids should be rc'presented by 
the formulas 

(OH in (H 

OPdOH, OPdoH, OPd H . 

(OH (oh (oh 

l‘lit)sj)li()fic acid pliosplioi oils acid Hypcplaispliorous acid 

ihe fniicladnental c'ompound, then, from which these may 
l)(^ i po-n'ch'd as derivc'd is the' unknown ox \ [iho^jphiiie 
l^y oxidation wc' shonld c'X])(‘C't phosidiine 
h' viidd in suc'c-essive stage's the three jiroducts above 
naiiicd : 



1 11 

(H 

(H 

( OH 

UI, op’ 

n, 

OPdH , 

OP^ OH, OP- 

OH 

(h I 

H 

( OH 

( OH 

( OH 


Unknown Ilypophosphorous Phospliorous Phosphoric 
acid acid acid 
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Tho oxid.-itioa of lijdrogon sulpliido takes plate sin. 
jlirJy, tis has been aliowu : 




H 


Unknown Sulphurous acid 


o,s 


fdH 
1 OH- 


Sulphul ic acid 


With oxygon and chlorine the elements of tlio jilios- 
phorus gron[) form a number of compounds kuowji as 
oxychlorides. Towards chlorine as well as towards 
oxygen all thes(‘ elements except bismuth art^ (piin- 
(piivaleiit. A part or all of the oxygen of the owgt'ii 
c(miponii(ls CMii be replaced by chlorine. Starting with 
the chloriiKi compound on the one hand, oxychloridf s 
can be obtained from it, until all the chlorine is la^pLined 
by oxygen, and tln^ limit is reached in the oxide. So 
also the chlorine can bo replaced by hydroxyl and tlio 
acids thus obtained. 


(1) rCl, gives Pool, and as final ])roduct; 

(2) PCI, gives Pool, and with water PO(OII),. 

(3) PCI, gives as final ])roduct P./), ; 

(4) PCI 3 gives with wahn* P(()H),. 


Intermediate products are supposable, but not known, 
as, for example : 


( Cl 

(Cl 

(Cl 

( OH 

\ Cl 

id Cl , 

oh. 

OH 

(Cl 

( OH 

(oh 

(oh 


i Cl 
(OH) 

known, however, and this plainly corresponds to one of 
these intermediate products. 

With sulphur pliosj)horus apparently forms a lar^'o 
number of compounds. Among them are two which 
have the formulas P,S, and P,vS,. These plainly 
analogous to the two oxides of .phosphorus, P/), 
P,0^. When treated with water these sulphur ("in- 
pounds like the corresponding chlorine com{)eMn<h 
yield the oxygen acids. Thus the trisulphide uudergnos 
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decoTiiposition with water according to the following 
equation : 

P,S, + 6H,0 = 2H3PO3 + 3H3S ; 

and tlie pentasulphide is converted by water into phos- 
phoric acid : 

+ 8H3O 2H3PO, + 5H3S. 

Arsenic forms with sulphur several coiripoiinds, the 
priiiei})al of which are the disidphide, As^S^, tlie fristd- 
ylink, As.^Sy, and the jmitaHnJpkule^ As.^S^,. The qn-inciq)al 
sulphides of antimony are those of tlie formnhis 
and Sh^S^, and of bismuth those of tlie formulas Bi.^S, 
and Bi^Sg. In general, therefore, the sulphur compounds 
are analogous in composition to the oxygen compounds, 
while the number of sulphur compiounds of these ele- 
ments is larger than that of the oxygen compounds. 
Tlie formulas of the principal sulpihur compounds of this 
group are given systematically arranged in the table 
below : 

AS3S3 Bi^S, 

P,S, AS38, Sb^S, Bi^S, 

P,8, AS383 81)38, 

rurtlier, there are sulp)]iur acids which are to bo re- 
gaohMl as the oxygen acids, a part or all of whose 
oxygen is rep) laced by sulphur. Thus, in the case of 
arse nic the following possibilities suggest themselves, 
starting with arsenious acid : 

(OH (OH (OH ( SH 

As^ OH, As^ OH, As^ 8H, As^ 8H ; 

( OH ( 8H ( 8H ( 8H 

and starting with arsenic acid, the following possibilities 
suggest themselves : 



OH (OH ( OH 

OH , BAsd OH , SAs-{ 8H , SAs 
OH 8H ( 8H 


8H 

SH. 

8H 
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WLile none of these comjjounds is known, niany com 
pounds are known which are to be re^uirded as skis of 
one or another of these acids. Tims salts of tlu' 
formulas ^M^AsS^ and M^AsS, are well known, as ajv alsr, 
salts of the general formula jMAsS,, whicdi are (lerivcj 
( S 

from tlio acid ••orresjiondiM}' to tlic o\y»,‘ii 

compound As | , wliich in turn is derived froiti .uscii- 

ious acid liy loss of one molecule of water: 


So, too, wo have : 



Similar compounds of antimony are also w^ell known. 
The possibility of making analogous compounds (‘ontiiiii- 
ing sc'hmium and tellurium will suggest itsedf. 

Phosphoric Acid, Orthophosphoric Acid, HnP 04 .“ 
compound to which th(‘ nani<‘ ])lios])lioi‘ic acid is gi'iirr- 
ally a|){)lie(l, and Jrom which ilu^ liest known phospli.itt s 
are derived, is tliat which ha,s iln^ formula H.,P()„. 1'<) 

distinguish it from the otlnu* variidies it is called orfJm- 
'phosphoric (((‘id. As has laaui stated, this is the liiail 
product of oxidation of j>liosphorus in the preseiKM' of 
water. Thus, Avheu phosphorus is boiled with nitric nciil 
it is converted into orthophosphoric acid; and alsoAvlica 
phosphorus is l)uriied in the air, and the product dis- 
solved in water, ])hosphoric acid is formed. In this c.ise 
the first product of the oxidation is the pentoxide 
also known as phosphoric anhydride, and when this is 
treated with water it is converted into phosphoric acid : 

+ 3H,0 = 2 H 3 PO,. 

The occurrence of phosphoric acid in nature has already 
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bopn referred to in connection with the occurrence of 
|)lios[)liorns, which is found in nature almost exclusively 
in form of phosphates, principally as calcium phos- 
pliaie, (bi,(PO,),, in phosphorite, npatite, and the ashes 
of hones. It is fornuMl wlion eitlier pli()S])horus penta- 
cliloride or the oxychloride is di'c'omposed by water: 

PCI , + 4 HX) I>( )( ( ) H + r,HCl ; 

POCI3 I )(;( )li) , -| .‘jHCl ; 

,111(1 from the analo«j;ous bromiiu^ and iodine compounds 
in tlie same way. In ordiu* to prepare', the acid two ways 
sui^cest thems(d\('s; (1) by oxidizinji; pliosphorus with 
nitric acid ; and (‘2) by extracting* it from one of the natu- 
ral pliospliates, as phosphorite oi* bone-asli. Tlie lirst 
of tliese nndhods is lietter adaptcal to the preparation of 
pure ])]iosplioric acid, sindi as is n(M'd<Ml for medicinal 
piiiposes ; tlie latt(M- is used wliere al>s<dut(' ])ui'ity of tlie 
product is not riujuirml. It should be said, however, 
(hat the acid obtaiiu'd by oxidation of phos]diorus is not 
pure, as commercial phosphorus almost always contains 
arsenic, and small (pnintitii's of othei* im j)uriti('s. T'he 
arsenic can easily be removml b^* ]iassin<jj hydrooen snl- 
])liide through the solution after the nitric acid has been 
cva])orated. If the solution is then iilterml and evapo- 
rated to dryness, the orthophosj)hori(‘ acid is transformed 
into jiyrophosphoric or mota^ihosphoric add according 
tf> the temperature : 

2H3PO, = + H3O ; 

H3PO, ^HPO^ +11/). 

llie preparation of phosphoric acid from a phosphate 
not a simple matter. If the acid were volatile or in 
^‘duhle there would be no difliculty in separating it. In 
di(' former case it would only be necessary to proceed as 
preparing hydrochloric and nitric acids. I^y adding 
add which is not volatile except at a high temperature, 
^udi, for example, as sulphuric acid, and heating, the 
uoTi- volatile acid replaces the volatile. On the other 
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hand, if plionphoric acid were insohible in water, it ‘(ju](| 
be separated by adding a soluble acid to one of its soluble 
salts. AVlieii, for exani[)le, nitric acid is added to a solu- 
tion of potassium telhuite, K/IeO^, tellurious acid, being 
insoluble, is thrown down : 

X,Te03 j 2IINO3 = 2KNO3 j- H/leO^. 

But phos])lioric acid is not volatile and is soluble, so that 
plainly neither of these methods can be used. Bv li'( at- 
ing the calcium salt with sulphuric acid the I'alciuiu can 
be com|)letely S(^[)ai“at(Ml in the form of luilciuiii sul- 
phate, which is ditlicultly soluble in water and insohibh' 
in alcohol. The ideal reaction to Ix' accomplished is (hat 
represented in the following ecpiation: 

-1- 3H3SO, - 3 (htS 0 , H- 2H3BO,. 

But when sul])huric acid is added to calcium ])hos])li:itia 
only a part of the calcium is thrown down as sulpbab', 
the rest remaining in the form of primary cahduni phos- 
phate : 

Ca3(r0,), + 2II3SO, 2CaS0, 1 - CaH,(BO,),. 

The phosphate thus formed is soluble in water, and tlie 
calcium is not easily pnicipitated from it. Jly (evapora- 
tion and addition of sulliciiuit sulphuric acid and aloohol 
the ])r(ecipitation can be elTected,and a solution ol plu s- 
])hoi i(^ acid thus obtaim'd. This acid is not jiuic, 
tln‘i(‘. ai’e substances in l)oii(!-ash which are not reiiioveu 
by tin* nnethod desciibed. 

Bhosphoric ;u*id for medicinal purposes is often niaJc 
by dissolving the pentoxide in water. 

Properties. — AVluui eva]>orated to the proper cousis* 
tency the acid forms a thick syrup wdiiclv slowly soliditir^ 
in the form of large crystals. The crystals are deli<pi''^' 
cent. When heated to a suflicieiitly high tern p('i aim''' 
the acid loses water, as already explained, ami yi'Th, 
first, pyrophosplnn’ic, and then metaphos})horic 
It is a tribasic acid, capable of yielding three chissr s o; 
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. (OH (OH 

salts of the general formulas OP OH, OP-< OM,an(l 

( OM ( OM 

( 

OIN OM, wliieh are known respectively as the primary, 

( OM 

mv)t(larif, and tertiary phosphates. The priniary and 
secondary phosphates are also known as acid phosphates, 
and tlie tertiary salts as nentnd or normai phosphates. In 
these salts it is not necessary that all the hydrogen should 
be ]’e})laeed by the same metal. There are salts in which 
two or three metals take the ])lace of tlu' hvdrogmi atoms. 
A |)hospha.te much used in the laboratory, for example, 
is one in which one hydrogen atom of phosphoiic acid is 
r('[)laced by a sodium atom, and another by the ammoni- 

i 

lun group, KH^. This salt has the formula OPs ONa , 

(ONH, 

Mild is calhal am tnonifun sodium pJtosph(de. Another 
phosphate commonlv imd with is am uiouium naapiesiuui 
i ONH, 

yliosphate, OPs , which is derived from the acid 

!>>■ re|:)laceni(mt of two hydrogen atoms in tin' molecule 
hy one bivalent magnesium atom, and one by tlie am- 
inoidum group. The changes which these three classi's 
et phos])hat(‘S undcu’go wIk'ii Inmti'd ao' of sjK'cial inb'r- 
<'sj. The tertiary phosj)hates ari' stable. The primary 
and secondary phosphati's givt^ up all their hydrogen, 
which passes oil' in the form of water. Thus, ])rimary 
J^odiiim })hosphate, H^NaPO^, loses one molecnie of water 
h'oin each molecule of the salt, and is converted into the 
^lidaphospJude, NaPO^ : 

( OH 

OP^ OH :r:z 0,P(0Na) + H,0. 

( ONa 

general, the primary phosphates are converted into meta- 

phosphates hy heat. 

When a secondary phosphate is heated the product is 
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a, pyropliospliate, as when secondary sodium phos])iiutu 
is heated to a sufficiently high temperature it isconveiiecl 
into sodium pyropliospliate : 


( ONa 
ONa 

( Cm 
i oil 

or^ ONa 
( ONa 


( ONa 
OP ONa 

o +HA 

OP - -ONa 
( ONa 


In general, (i srcomlanj is converted into a pi^j- 

rophosplidfe Inj heat. 

The aViove rules do not hold good for ammoniuni salts, 
for these always undergo anotluu' kind of deconijiositieii 
when heated. AVlnui sodium ainnioniiim phosphate is 
luxated, ainmonia is first givim off, thus : 

HNa(NH,)PO, == TPNalT), + NH 3 ; 


and the primary salt fonmal lirealcs down according to 
the above rule, forming the metaphosphate. So, also, 
Avheu ammonium magm^sium ])hos})hate is heated, tlio 
first cluinge eoiisists in tlui giving oil' of ammonia, thus . 

(NHd^MgPO, r- . TPMgPO, + NII 3 ; 

and the secondary magnesium ])hosphate thus fonneil 
then breaks down, forming the jiyropliosphate, Mg.JV)?* 

2HMgPO, = Mg.P./), -t- B,0. 

Tlie presence of phosphoric acid can be detected hr 
means of the following characteristic reactions: W itii 
silver nitriib* it gives a yidlow preci])itate of tertiary sil- 
ver phosphate, Ag.,P(), ; with a soluble rnagm^siuin sidt 
and ammonia it gives ammonium magnesium phosphate, 
(NHJMgPO^, which is insoluble in water; with a solm 
tion of aminonium molybdate, (NHJ.^MoO^, wliidi ("in 
tains nitric, acid, it gives a complicated insoluble s ilt, 
ammonium phospho-molybdate (which see). 

Pyrophosphoric Acid, H^PsOt. — W hen phosphoric acid 
is heated to 2()0”-3()0° until a specimen neutralized with 
ammonia gives a pure white precipitate with silver nitrate, 
it is completely transformed into pyrophosphoric acid i'V 
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joss of Avater. The white precipitate rcierred to if^ the 
silver salt of pyrophospliorie acid. The silver salt of 
()i tho[)hosphoric acid is yellow. Tliis dillereiice in color 
](mI, many years ago, to a careful invc'stigation of the 
rliaiige in composition which pliosphoru? acid undergoes 
when heated, and to the recognition of tlie existence of 
pyrophospliorie acid as distinct from orthophosphoric 
;u‘i(l ; and the study of the rtdations (existing Ix'tween 
tlc'se acids and melaphosplioric. acid has liad a strong 
iiiHmaice in shaping the views ot chemists in regard to 
the ndations betwcaui otlier similar acids. The views at 
pivsmit lield in rc'gard to tlu^ ndations Ix'tween tlie caim- 
iiiDii forms of oxygen acids and the so-calhal normal aedds 
or maximum hydroxides are sinijily an extmision of the 
id('as lirst introduced into idiemistry in connection with 
the three variedk'S of jdiosjdioric. acid, Tln^ ditferent 
varhdies of periodic acid, and the modifications of sul- 
phuric acid seen in the normal a.cid, 8(011)^, the ordinary 
acid, so, /OH),, and tin; pyro-acid, 1J,8/.),, are examples 
of the same kind of relations. 

P}/ rophospjiafes are formed, as we have seen,' when 
the secondary }»hosphates, like disodium phosphate, 
lTXa,,V0„ a,re Inuited. 

Metaphosphoric Acid, HPO:..— Tins acid is formed by 
dissolving phosphorus pentoxide, in cold water: 

1^.0. + H,o mvo,. 

ft is also formed by heating phosphoric acid to 400'^ : 
H,rO, HIT), hlip. 

further, the inetaplios])ha.tes are formed by heating 
Iht' ])rimary phosphates like juimary sodium phosphate, 
H Nal'O,. The acid IS a vitreous translucmit mass, known 
ni tfie market as glacial phosphoric acid [Acidifm phos- 
]>lioncuni glacialc). It is the more common commercial 
k‘rin of phosphoric acid. It is a monobasic acid, and in 
^■'miposition is analogous to nitric and cliloric*. acids : 

IIPOjj, . . . , , ]VIeta])hosphoric acid. 

HXOg, . ^ . Nitric acid. 

HClOg, Chloric acid. 
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Wlion boiled with Avater in which there is a little 
acid inetaphos])h()ric acid is readily converted into ortlio- 
phosplioric acid : 

HPO^ + H,0 

This transfornnitiou is oftected also by simply allowing 
the solution of the nuda-acid in water to stand for a, time, 
and by boiling tlie solution. 

Whtui a meta,p]iospha.t(‘, as, for (example, sodimn mcta- 
phospliate, NaPO^, is hea,t<Ml in contact with a, iiudallic 
oxide, it takes u]) the oxide as the fiaa^ acid takes ii|i 
Avater, and pliospliatc's ai’e thus formed in wlii('li (wo ni’ 
more metals take tln^ plaxa^ of tlie hydroi:;en of (he acid. 
AVitli a metallic oxid(‘ of the formula Al./) it coiuhim s 
to foian a phosphate, AF.^NaPt),, thus: 

NaPO, + ) M.NalH), 

• — a kind of action which is plainly analogous to th(' con 
version of nudapliosphoric iido oi’tlio}>hospliorir acid. 
Ho, also, AvluMi all oxide of the formula iMO is In alcd 
Avith sodium metaphosphate, a ])hos[)hale of tlie forjiiiila 
AFNaPO^, ill Avhich At ri'presents a bivalent imdal, is 
formed : 

NaF^O, I iAlO AINaPO,. 

U])on fac'ts of this kind dc'pmids the power of sodium 
meta|)hospha,t(^ to dissolrr imdallic oxides, as when heads 
foniK'd by hea(in,LC sodium ammonium plios})ha(<' aiv 
usi'd in analysis. ldi(‘ lirst (dli'ct of hr*a,ting (he ]dii)S- 
phat{‘ is, as (‘xplained abov(', tln^ formation of sodium 
'metaphos[)ha,te! which nndis, forming ;t (dear liipiid known 
as the “ Ixuid of microco.smic salt.” 

Phosphorous Acid, II:,POn. — ddds acid is fornn'd wlicii 
phosphorus trieddoride is tr(*at(‘d with Avater. It is also 
formed too(d-her with phosphoric and hypophos|)liori( 
aidds when ])hos}diorus is allowaMl to lie in contaci ^^id' 
moist air. The aidd c,an be obtained fiann its solulioio 
by evaporation, Avhmi it is de])osited in trans])ar(Mit ctys- 
tals. When heated it is converkml into pliosphoric am<h 
pliosphino being given oil*: 

FHJT), = dlF.PO, 4- PH,. 
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This rejictioii lisis discusscul under Pliospliine (which 
Tlio teii(h‘iicy of ])li().s])li()r()iis acid to take up 
c\y, 14011 and form phosphoric acid makes it agoodrediic- 
ijjo- Hj^oiit. Its action is widl illiistratcnl in the case of 
iiicrciiric chloride, lIj^Cl,, wliich it transforms into mer- 
cuioiis cldoride, AVater beiii?^ ])resent, the phos- 

pheious acid api)ro[)riates the oxyj^en of a part of it, 
Ic'Mviiiij; iln^ hydrogen to act upon the mercuric chloride ; 

l^llgdl, f H,rO, + Hd) := ll.ro. f 2Hg01 + 2HC1. 

rhos])]iorous acid is only dibasic, its suits having the 
geiK'i’al formula TTds fact lias IimI to tlie Ix^- 

li(‘f that in the acid two of tlie li vdrogen atoms are in 
c()inl)ination with oxygen in the form of hydroxyl, while 
th(^ ihii’d is in luniibiiiation with phosphorus as repi-e- 

( 

soiitod in the formula OPs OH. This conclusion tinds 

(oh 

fiutlim* su])])ort in tln^ conduct of some derivatives of 
})li( ’S})hor> us a,eid. 

H’ypophosplioric Acid, HiP.'On, is lormed together Avith 
]'!i()S|)hori(‘ and ])hosphorous acids Avheii sticks of ordi- 
nary ])hos])horus jih-oMMl in glass tubes drawn out to a small 
opciii iig at OIK' (Mid a r(‘ exposi'd to tiu' action oi moist air. 
by aiTaiigiiig a numlx'i- of such tubes on a funnel the 
1'>\\(M- cud of which is in a botth', a solution is gradually 
rell(‘ct(Ml which contains h v])ophos[)horic acid togi'ther 
'Will tlu' otlu'r two acids uK'nlioiied. The salts (f tlu' 
aiad show that it is tetra,basic. It has been suggested 
that this acid has the constitution represented by the 

fon.,ula 

or(OH), 

llypophosphorous Acid, HnPO,, has already been re- 
feiT(Hl to, as its potassium salt is formed in the prepara- 
ti'ei of phosjihine by the action of pfiosphorus upon a 
^^oliition of potassium hydroxide: 

3 K 0 H + 4 P + 3H,() =. 3 KH.,P 0 , + PH^. 

The acid is a solid which crystallizes avcII. The most 
ebaracteristic fact in its conduct is its marked tendency 
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to pass over into phosphoric acid by taking u}) ()\^ uvJ, 
It is therefore a good reducing agent. It reduci s suJ^ 
plmric acid to snlpliurous acid and even to sulphur 
re 2 )resonted in the two ecpiations below : 

2H.S()^ + = 2tf ,S(X + H,ro^ ; 

h,S() 3 ir^po, s + H,() -I- 

Wlien heated, also, it forms ])]iospliorii 5 acid and plios- 
pliine just as p}ios[)horous acid doc's : 

2ii3r(), H,r(), f 

Tlie acid is monobasic, and this lias Iial to the ])elief tlinf 
only one of the hydrogen atoms in the molecule of tho 
acid is in comliination with oxygtui as hydroxyl, and 
the two others are in combination Avith 2 )hosphoIus ns 

I 

represented in the lormuhiOP- H . The relation lu- 

I on 

tween this acid and phosphorous and phosphoric acids 
lias already beam commented u])on (sc'e page 323). 

Phosphorus Pontoxide, Phosphoric Anhydride, P.O - 
This high<‘st oxidation-prodind of phos[)horus is I’oi iiicd 
l)y burning tlu^ ehunent in air or in oxygen. It is a 
white ])owder which attracts moisture from the air and 
beeonn^s licpiid. This jiower to combine Avith Avahu' is 
its most (diaracteristie, pro])erty. It forms lirst, as \vc 
have seen, metaphosphoric a(*id and, by further action, 
orthophosphoric acid. Its action toAvards Avatcr is 
strongly sugg(‘stive of the a(*tioii of sulphur triox idc 
or siil[)huric anhydride toAvards Avatm*. Owing to 
power to combine Avith Avaler, phos])hoi-us peiitoxidc is 
used for the ])urp()se of drying gases, and as a di lij- 
drating ag(‘nt. 

Phosphorus Trioxido, or Phosphorous Anhydride, P P' 
(or P40fi), is formed by burning ])h()sphorus so that tim 
air does not have free access to it, as by ]nitting a ])ia<‘0 
of phosphorus in a glass tube drawn out to a lino opnii- 
iiig, draAving air over the phos]diorns, and Avariidiig d 
gently. In this way not enough air can get access t(' tin? 



CONSTITITTIOK OF THE AGTD8 OF PHOSPHORUS. 335 

li^^^pliorus to convert it into the peutoxide. The tri- 
oxido liiis such Ji strong tendency to pass over into the 
pBiitoxide that when brouglit into tlio air it takes fire and 
burns, forming the higher oxide. It is readil}^ converted 
into pliospliorous acid by water. 

Phosphorus Suboxide, P»0, is one of tlie products 
{()riiied by the burning of plios})horus in n, limited sup- 
ply of air. It is also formed in several other ways, .and 
two vaih'ties of it have been descrilxMi. 

Phosphorus Tetroxide, P«Oi, is also formed when ])hos- 
plioi us is burned iii the air. It can be obtaiiunl pure in 
(lii‘ form of colorless crystals. 

Constitution of tho Acids of Phosphorus. — Considerabh^ 
1ms already been said on this suV)je(*t in (hailing with the 
relations between the acids. Th(‘ viiov that })hosplioi‘ie 
aeid (‘oiitains three hydroxyl groups is basml upon tin* 
fact that the acid is tribasic, which, taken together witli 
y hat is known in regaad to th(‘ conduct of other acids, 
sugg(',sts that all three hydrogen atoms in the inoleimle 
:mi in coilihimitiou with o '.ygen. This vhov is the sim- 
plest, and all facts known in ri'gard to the conduct of 
phosphoric acid are in accordance with it. The constitu- 

Alll 

tioii is re|)rosonted by the formula O— P.^O II, which 

XO-H 

^nav also bo written in this way : OP(()II).,. Two views 
•*’Ugg('st themselv(*s in considering the constitution of 
phos])horous acid. It may be, like ])hos})horic acid, a tri- 
hydroxyl (lerivatiye of tho formula or it may have 

H 

Iho stiucture represented by the formula O-P^ OH or 

\OH 

( ^)1[). * easy^ formation of the acid from plios- 

ph')i iis trichloride and water is in acT;ordance with the 
h>nii(>r vieAv. On the other hand, as has already been 
I'uinnvked, tho fact that the acid is dibasic speaks against 
lids view, and in favor of the latter. A somewhat com- 
ph'X reaction of an organiir derivative of pilKAsphoroiis acid 
ulso furnishes evidence in favor of the view that there are 
''Illy two hydroxyl groups contained in the molecule of 
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the fonuuhi O 


/H 
o-H. 
\()-H 


Phosphorus Oxychloride, POOL. — This coinponnd ling 
been referred to in conneetioii with the chlorides of y)h(,s. 
j)horus. It is formed by tlio action of ozone on phog, 
})lioi’ns tricldorido nnd by tJu^ uction of waiter npoii the 
2)011 tachloride : 


PCI, 1-0 ^VOC],; 

POI, 1- Hp P()(d, + 2HC1. 


It may be rejjjarded as 2)hos])]ioric acid in w liich all Him' 
of tlie hydroxyl ^•j‘onj)s ai't‘ r(‘])lac(Ml by chlorine, just as 
suliahuryl cliloride, SO./d.,, is to Ix' rt'^arded as snlpliiiiic 
acid in which liotii hydroxyls are re2)hiced by chloriiie. 
The fact that wluni treabal with water and other coiii- 
])onnds containing hydroxyl it yitdds ])hosph()ric. acid lias 
IxH'ii numtioiual, and th(‘ valium of this rcaKdioii and tlio 
similar reacdion of ])hos])horns jxmtatddoridc^ as a nuaiiis 
of detecting the hydroxyl condition in com2)oiinds lias 
lxx 3 n 2)oiiited out {st‘e ]>. did). 

Arsenic Acid, HuAsOi. The comiiound of arsiniic and 
oxygen wdiich is most leadily obtained is the trioxide, 
As,/).,, and this is formed by dirtact combination of tlu' two 
elements. When this is oxidizial eitlnn- with irtini 

or by jiassing clilorim^ into water in whiidi the tidoxidc is 
sus2)ended it is converted into arsenic, acid : 


+ diPO -f ^20 . 2H,As(),. 


Prorn its solutions it is obtained in crystallizixl foini 
According to the tmnpc'ratnre to Avhiidi it is la aft'd 
the deyiosit has the com position of tin; ortho-acid, Il,,As( ),, 
of the 2 hyi'<>-J»cid, H,As./)., or of the meta-acid, HAsO,. 
Perfect anatogy with the ])hosphorus conpionnds is Ih'"' 
observed. When tlui pyro- and meta-acids arc dis- 
solved in water tiny ])a.ss at once into the hnin <d dia 
ortho-acid. Arsenic. aci<l, lil<y^ jihosphoric acid, is a sti ‘ H.d 
tribasic acid, forming three denes of salts which nndn^ 
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tlio inilueuce of heat conduct themselves like the cor- 
i^.spoiidiug phosphates, the primary salts yielding pyro- 
.iis(‘ijates, and the secondary salts yielding meta-arsen- 
When these are dissolved in Avater tliey })ass at 
oiico into the corres])onding salts of oi-tho-arsenic acid. 
Visouic acid is easily reduced to the form of arsenu*. 
When liydrogen sulphide is passtal througli a liydro- 
cliloiic- acid solution of arsenic acid diirer(‘nt reactions 
take, place according to the conditions. The three pos- 
sihilitios are : (1) The formation of the p>entasulphide ; 
{'!) the formation of sulphoxyarsenic, acid, H,,As(),S ; and 
(:j) the formation of arsenic pentasulpliide, arsenic trisul- 
pliide, and sulphur. These reactions are represented by 
the following equations : 

(1) Il^AsO, +H,S =U,X^0.,H + H,0; 

(^"2) 2H,,As().jS j- *il l„S — As„S,_ “I— ()tT,^() j 

.. ( 2HpVs( ),S -I - ()H( U 2 AsCl, (>H;{ ) + 2S ; 

( 2AsC1,3 -I - dll,S : : As,S 3 + (d-iCl. 

Tlie lirst action is that n^presential by equation (1). 
TIh', acid thus formed, known as sul])]ioxya.rsenic acid, 
(lithu's from arscmic acid only in tho fact that it contains 
a snlpluir atom in tln‘ plac<‘ of one oxygen atom. It is 
soiiihh; in watco’, and, t her(doi(‘, when hydrogcui sulphide 
is ])ass(Hl into a solution of arscmii* acid ihere is at 
fii'strio preci|)itate formtal ; but gradually, wlnu-e tin', hy- 
di'ogeu sulphide is in exec'ss, soiiu^ of the sulphoxyar- 
si'iiic, acid is chaiigtnl to ars('nic |)('ntasnl])lnd(', whih'. an- 
'*tlier part of the acid is d('coin|)osed by hydi’ochloric 
forming aasenit* chloride and sidphur, and tln^ tri- 
sul|)hid('. is tin'll precipitab'd. T’ln'iadorc', the j)r('cipi(ate 
I'Miiu'd by passing ln'drog('n sulphide into a solution 
arsenic, acud is likely to consist of a mixtuia^ of arsi'idc 
k'niasulphide, trisuljdiide, and sul])hur. 

Arsonious Acid, HuAsOs, is not known in the free state, 
fait salts relaletl to it are formed by treating arsi'iiic tri- 
<*’vide with bases. Thus, Avhen it is treated with potas- 
hydroxide the salt KAsOj, or potassium meta- 
‘‘i^^enite, is formed : ^ 

As,0, H - 2K0ri: = 2KAsO, + H,0. 
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Salts of meta-arseiiious acid, AsO.OH, are niojc 
luonlj obtained than those of the normal acid, AsiCMl, 
111 alkaline solution arsenioiis acid tends to pass into 
the form of arsenic acid, and it is tJnu’efore a useful 
reducing agent. Its action in this way is, however, aof 
as strong as that of jihosphorous acid. 

Arsenic Trioxido, As, O;,. I’liis compound is (ioninion] v 
called arsenic* or Avhitii arsenic. It is the most imj)()rlaiit 
of all the compounds of the element arsenic. It Huds 
applications for many purposes, and is manufactnicMl in 
large* (juantities. It occurs in small quantity in naliiie. 
but that w’hicdi counts into lln* market is nianiifad iiri i] 
by 1‘oa'sting mitnral ars(*nid(‘s, parti(*ularly arsc^nical pA- 
rites, I\'iAsS. Tin* products of roasting this coni]:)()ai)(l 
are huaic oxide*, Im‘„().,, sidphnr dioxide, S().„ and nrsiMiic 
trioxide, As.^( ),,. ()!’ these*, the* iirst is a. noii-volaf ile solid, 

the see-ond a gas, and the third a volatile* solid. JU pass- 
ing the^ vohitile proelue'ts through jerojeerly e'onsti’iiede'd 
canals tluA arsenic trioxiele* is e'onde*iise*d on the walls. 
Some f)f the powele*r thus ()l>tain(*d must be subjecte'd to 
a secaind process e)f elistillation to make* it ])ure e*ii()u^li 
feer the3 market. In a r(*e*e*nt ye‘ar ovc'r hOOO tons e)f this 
substance wei*e^ j>roelue*enl in Idngland and Saxony. 

Arsenic trioxiele* is a ceelorlerss, amor[)hous, vitreous 
mass. (Ira-dually it bea*ome‘S opaepiei anel e*rystadliiu*, witli 
an a])i)earane*e like that of pore*e*la,in. It cr\ stalli/(*s in 
two lorms, the'i e'ommem one*. be*ing' that e)f re'gular octa- 
liedrons. ldiele*r e*\e*e*] etional conditions it crystallizes in 
the* feerni e)t rhombie* prisms. W hen he*a,te*el it suldimes, 
anel is ele[)e)site*el een a e*old surface in the Ibrni e)f octa- 
heelre)ns. Arse*.nic trioxiele* is eliHie-ultly seelnble in A\at(‘i', 
lent more easily in hydreee'ldoi’ic aciel. The solution in 
h yelre3chle)i‘ie; ae-iel contains arsende* ti ichloride (see* p. dl / ), 
anel whe*n the* solutie)n is boile*el the chloriele*. is e-ai ri( <1 
over. AVhen tlnx se)lution ot tliee ame>rphe)ns oxieh ii> 
hydre)chle)ric ae*iel is ce)nce*ntra,te*el enough it de])e)sits the^ 
oxide in (;rystalliiie form, and the fe)rniatie)n e)f the* 
crystals is accompanieel by an (na)lution eof light Ashii li 
can be seen in a dark room. When the crystallisK' 
variety is dissolvaAcl it is deposited in crystals Avitlioiit 
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evolution of light. The fornuitioii of arsenic, trichloride 
1)V tlii' action of hydrochloric acid on the oxide is })erfectly 
;ijmlogoin> to the forniaiion of the cliloride of ajiy hase- 
foniiiug olenient by the action of hydrochloric acnd upon 
tho oxide, as, for example, ferric oxide. The reactions 
arc represented thus : 

As,(), + mc\ = 2AsCi, + :m,() ; 

and Te,( )3 + (*)H01 ^FeCll^ -f 

■\Vliile in this reaction arsenii*. appears as a base-forming 
eleiiKuit, its character as an acid-forming eleuKviit shows 
itsidt when the chloride is treated with a large (‘xcess of 
water, under which cii'ciimstances it is c()mplet(dy con- 
vi rted into the oxide. d\)wards sonn^. acids aiso arscniic 
Irioxide acts as a wealc basew A soim'what complex sul- 
|)]iat(' is Iviiown in which tln^ ars(uiic replace's a part of 
tli(^ hydrogen of th<3 acid. Tt is formed by treating the 
ti’ioxide. with fuming sul])huric acid. 

'llu^ trioxidey is ('asily reduced. AVln'ii heated Avith 
[»()tassium cyanide, K('X, or with charcoal in a dry glass 
tn1)(' arse'iiic is (h^jiosited above tln^ llanu' in the form of 
a (lark lustrous layc'r. AVlnui brought into a v(‘ssel from 
which hydrogen is Ix'ing ('volve'd it is reduced to arsine. 

The specitic gravity of the vapor of tin' oxide shows 
that it has the formula As/),,, and not As,/),, ; as, howeve'V, 
most of its reaedions can be more earn vi'iiiently ex[)ressed 
hy the aid of the sim[)ler formula, the latter is commonly 
used. 

Arsenic trioxide has a weak, disagreeable, sxveet taste, 
uml is an active poison. A dose of from tw'o to three 
.yiaiiis is sutlicient to cause dc'ath unless it is ej('cted by 
voiiiiiiiig^ qi* ivinh'red harmless by Ixung converted into 
111 insoluble conij)ound. Tt is possible, by Ix'ginning Avith 
^inall doses, and gradually inciaaising them, to accus- 
h'lii the human T)ody to considerably larger doses 
lhaii that mentioned. It strengthens the ])OAver of the 
^■‘'^piratory organs, and consequently facilitates niountain- 
< hHd)ing. TTie peasai'its in some mountain regions are 
■"^uid to use it hal)itually. It is much used in medicine, 
^'^t"U‘ially in skin diseases. ^It is also used extensively 
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as a rat-poisoii. Tlie most officieiit antidote is a niixtnrt 
of ferric hydroxide, Fe(()H) 3 , and ma^oiesia, which fonus 
with arsenic trioxule an insoluble compound. 

Arsenic Pontoxido, AsaOs, is formed by igniting ai s(^iiic 
acid. If lieated too high the peiitoxide breaks down into 
; rsmiic trioxide and oxygen. A marked dillerence will he 
ohs(‘rved bidwc'en the conduct of the ()xid(‘S of })liosj)]i()i ns 
and that of the corresponding oxides of arscmic. W liilr 
pliosphorus trioxide takes up oxygen spontaneously w lien 
ex])osed to the air, and the ])entoxide is not decoin]);)se(l 
by heat, the tiioxidc^ of arsenic- does not uiidc'r any cii- 
cumstaiices take u[) oxygmi dirca-tly, and thc^ jxmtoxidp 
easily brcaiks down into the trioxide and oxygem wIkii 
heated. 

Sulphides. , Th<n<‘ arc‘ thre-e (•oin])ounds of arscmic; with 
sul})hur- -the (lisul[)liidc‘, As.S.., tln^ trisulpliide, As.^S^, 
and the })ontasulphi(h‘, As.^S^. 

Arsenic Disulphide, As.S,, occurs in natures and is 
knowji as reaJ(jar. It can also obtainc'd by nicdliii^ 
arsenic and sulphur togetlier in tlie right proportions, 
it foi'ins an oraJige-red powdeu* w Inch was forniejiy us<‘il 
as a piguKuit. 

Arsenic Trisulphide, As.S:., is found in nature and is 
called orpiineiif or king’s ycdlow. it can be preparc‘(l hy 
medting togetheu* arsenic and suljdiur in the propcu- jno- 
portions, and by ])r(‘oipitating a solution of arsenic tii- 
(oxide in hydrochloric, acid with hydrogen sul])liidc'. It 
melts, forming a red licpiid. d’he natural substance', .is 
well as that which is precipitatcul by means of hydrogt'H 
sulphide, is ycdlow. it disscdvc's in soluble sul pliidt's, 
forming salts of sur[)harsc‘nious ac-id, il^AsS.,, or llAsS. 
The salts are, for the most ])a,rt, derived from the acid ot 
the lattcu- formula. There is, thcu’eforci, perfec*t analoi;} 
bcd w'CHUi the oxygem and sulphur (n)ni})ou]ids, fer, ms 
have seen, when arscmic tricoxide is dissolvcnl in ])c)tassiiiiM 
hydroxide a salt of the formula KAsO, is formed. 1 
analogy is cdearly showui by mc‘ans of the equations 

As ,03 + 2KOH =::: 2KAsO, + H,0 ; 

AS 3 H 3 + 2KSii = 2KAsS, + H.,S. 
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The acid HAsS, is derived from the corresponding nor- 
( SH 

uial acid As -< 8H , by loss of one molecule of hydrogen 


As -< SH = As - 


ulpliide : 


just as the acid HAsO, is derived from the normal oxy- 
( OH 

gen acid Ask OH , by loss of one molecule of water ; 


( ( O 

aJoh = a.{!!h + b.o. 


When a solution of a sulj)harsenite is treated witli one 
of tlie stronger acids, ds, for example, liydroehloric acid, 
arsenic trisulpliide is precipitated. We should naturally 
look for the separation of the free acid according to the 
equation 

KAsS, + HCl HAsS, + KCl ; 

luit, if this is formed, it breaks down at once into hydro- 
gen sulphide jind arscuiic trisulphide : 

i^HAsS, r- As,S, -I- HH. 

There is a striking analogy bciween this action and that 
'wliih takes place when a strongen* acid is added to a 
solution of a carbonate, when caiinwi dioxide is set free: 

X,CO, f 2HC1 11 ^ 0 , + 2KC1 ; 

H/JO^ CO, + 11,0. 

V marked dilVercuice between the two cases is to be 
iniiinl in the fact that the trisul[)hide of arsenic is insol- 
ukle ill water and therefore appears as a precipitate, 
'vliile carbon dioxide esca])es as a gas. 

Ilosides salts of the acids H,As8, and HAs8, , there are 
others derived from the more complex acid H^As,S|. 
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This hears to norinal sulpharsenioiis acid, As(SH) , a ro 

latioii siinilar to that wliich pyrophosphoric acid hears 

to orthop]ios])horic. If two ]ni)Iecules of the iioraial aci d 
lose one molecule of hydrogen sulphide, this pyrosulpli^ 
arseuioiis a(*id is tlie j^i’oduct ; 


2A.S 


SH 

SH As,8(SH), + H,S. 


It is a salt of this acid whhdi is formed when arsenic 
trisulphide is dissolved in ammonium sulphide : 

As ,83 2(NH,hS As 38 ( 8 NK,),. 

Arsenic Pentasulphido, As,S,, is formed hy melting sul- 
]:iliur and arsenic togetluu’ in the proper 2)roporti()iis, 
and by 2’>reci])itating a solution of sodium sul2)harseii;itQ 
with liydrochlori(; acid : 

2Na3As8, + GHCl ^ hNaCl + As^R, + 

8ulpharseni(r acids coiTes])onding to the oxygen twuh 
suggest themselves. might, for exam[)le, expect to 

find salts derived from the acids lI^AsS,, HAsS,„ .uhI 
HpVs.^R^, corresponding to ortlio-, meta-, and ])yro-aTS(niic 
acids. When ars<mic ])ejitasulphide is dissolved in soln- 
ti(.)Tis of metallic sulj^liiih's the ])roducts are gcun'r.illv 
salts of pyrosulpliars('nic acid, H,As„S,,and these uinlci- 
go decom2)osition into salts of tin' ortho- and meta-Jicids. 
AVhen, for example, arsc'iiic ]>entasul])lii(le is dissolved in 
ammonium sul])hide. reaction takes j)lac(^ thus: 

As^S, + 2(NH,)3S (NHO^As^S,. 

The ammonium salt formed in this way is, however, do- 
composed thus ; 

(NHO.As^S, (NH,),AhB, + (NH,)AsS3. 

Only one com2)ound intermediate between arsenic n nd 
snlplifirsenic is known. Tliis is tlio suljihoxy.'O’si’nii' 

acid formed as tlio first product of the action of lij dn) 
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geii sulpliide upon a solution of arsonic acid, wliicli was 
ivforred to under Arsenic Acid (p. 337). Tlie possibility 
of otlier products of tlie formulas HgAsQ.^S.^ and 
H AsOSa Avill occur to every one. 

Antimonic Acid, HaSbOi.—Tliis avid is tlie linal product 
of tlic oxidation of antimony wlicn treated with aqua 
raj HI. It need only be said that it is very similar to 
pliosphoric and arsenic acids; and that, like these, it 
yields a meta- and a })yro-acid of the formulas HShO, 
;i]id lI,Sb„0,. The acid of the formula 08b(01L)a, or 
oitlioantimonic acid, is known in the free state, and is 
foniK'd by tri'.atinj^ a soluble salt of antimonic acid witli 
sulphuric or nitric acid : 

0 Sbi 0 K )3 + 3HNO3 3KNO3 + OSbi^OH)^. 

An acid Sb._jO(OH^A^ known in tlie frei', state, bc- 
iny; formed by the action of antimony jientachloride upon 
water. The louver oxid(‘s of antimony, tlie trioxide, Sl>.^0.„ 
aiul the tetroxide, Sb.I)^, are not strongly acidic; that is 
to say, they do not readily form salts when treated with 
bases. In this respect the trioxide of antimony dillers 
markedly from the corresponding oxides of phosphorus 
and arsenic. 

Antimony Trioxido, SbjO:t. — This compound is found 
in nature as white ore of antimony, and is easily formed 
by luuning aiitimony in the air and by oxidizing it with 
nitric acid or salt|)eter. That formed by burning anti- 
niony in the air alw ays contains softie of the tdroxide, and 
by beating it long enough in the air and to a temperature 
bigli enough it is completely transformed into the tetrox- 
nlc. AVhen the trii^xide is dissolved in caustii*. soda a 
^alt of the formula NaSbO., is formed. This is ])lainly 
derived from an acid of the formula H8bO.,, which bears 
a siin|)le relation to normal autimonious acid. Towards 
most bases, however, antimony trioxide does not conduct 
dsi'lf as an acid. On the other hand, towards the stronger 
acids it acts as a base. 

Salts of Antimony. — The salts of antimony are derived 
ciilier from the hydroxide Sb(OH) 3 , or from the hydrox- 
ide BbO.OH. The salts of the first class are called anti- 
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7no7iy salts ; tliose of tlie second class are called antiiiuimj] 
salts. Ill the salts formed when the triliydroxide of uii- 
timoiiy is completely neutralized hy acids, the autiniouy 
takes th() place of three ati^ms of hydrogen. Thus, (li,. 
nitrate lias the formula JSh^NO^).^ ; the snljdiate lias !]],> 
formula HbySOJg ; etc. llesides these normal salts [Ikmv 
are, however, basic sidts. Thus there are two basic 

nitrates possible of the formulas, 8b- OH and 8b-' No 

(no,^ (no 

The forma.ti(m of antimonyl salts mav bo illnstratfai liv 
the sulphate. Tliis may b<" rej^arded as forim'd b\ tla 
action of sulphuric acid u|)ou the hvdroxid(^ 8b().()ll, 
which is analogous in comj)ositiou to the acid of arsrjiii 
of the formula As( ).( )H : 


‘iSl.O.OM + h|)>SO, 




The ])rodu(‘t is ant I hHutyl sulphate. Tlu^ wcaak l)asi<' 
character of the; hydroxidos of antimony is shf)W]i bv tln' 
tVu't that many of its salts a-ia* decomp('-s(Ml b\^ watt r. 
The salt of antimony whiidi is most comnionh' nu't willi 
is the so-calhal tarta r ctnet i(\ \\\\\a\\ app(‘ai“s to b(‘ an ;iiiti- 
inonyl ]iotassium salt of tartaric acid. Tartaric acid js;i 

dibasic acid of the formula ( | qj| • Wliou oim ( f 

its acid hydro^aui atoms is r(‘])lac(Hl by potassinni, niitl 
the other by tlui antimonyl group 8b(), the salt thus 

formed is tartar (unetic, | • It is also pos- 

sible that this salt may Ix' d(U’ived from the trihydi-o\ido 
8b(()ll)3 by replacement of <)n(‘- hydrogen atom by ])ot;is- 
.slum, and neutralization of the rest of the com])oniid h} 
the dil)asic tartaric; acid. It seems more pirobabh', li'ov- 
ever, that when tartaric acid acts upon the compoiiixi 

8b I q]? ’ it lirst apjirojiriates the potassium atom, foi lu- 

ing acid piotassium tartrate, and that the antimony triox- 
ide being basic is neutralized by the acid tartrate. 4 ’ 
decide between the two views is at present imiy**"' 
sible. 
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Antimony trioxide dissolves in liydrocddorie acid, 
fonning the trichloride, and this, as has been stated, is 
(Itconiposed by Avater yielding oxychloiides. 

Antimony Totroxido, Sto,Oi. — 'bhis compound is most ' 
o:isily obtained by igniting antimonic acid, H^HbO^. Two 
reactions are of course involved : 

‘2H,SbO, £=:: Sl),( ), + 8H,() ; 

Hh,0,’ 81),(b + (). 

It is also formed by igniting the trioxide in tlie air. At 
ordinary tem|)eratiires the hriroxide is white, but it be- 
comes vellow when lueited. Towards strong acids this 
o\id(‘ acts lik('. a weak l)ase. A potassium salt of the 
fonniila K^S1).,().^ is known, wliich is derivc'd from the 
acid K.Sbdle, and this in turn from the sim])ler acid 

ShOiOKo., \)V loss of wattux 'l'h(‘ oxi<h', itsedf is rc'gai’ded 
- ‘ , . . . • 
hy some as an aniimonyl salt of nndantimonic acid, 

bid ),, .OH, of the formula. Sl)(),,.( ).SI)( ). 

Aiilimony Pontoxido, SbjO,. — 'I’lie tidi'oxide of anti- 
itioiiv (lo('s not combim‘ wilh oxAgmi to form tin' ixmtox- 
iilc. ddi(' latt(‘r can he obtaiiuMl only by genth' ignition 
ef aiilimonit* a.cid, caiaa being taken not to raise tin* teiii- 
]ier:il iii-p high (mough to d(M‘om]tos»‘ tln^ |)(‘ntoxid(' into 
tile tidroxide and oxygem. The fact that the pimloxide 
readily yields salts of antimonic acid when treated with 
liasic, solutions was mentiomMi under Aidimonic A(dd. 

Antimony Trisulphido, Sb-S;,.^ — This compound occurs 
ill nature in considerable <piantity’and is the (diief source 
"f antimony. It is known as sfilnn'fe and anfirntwy l)ln}(h\ 
In soima localities, ('specially in Ja])an, it occurs in large 
‘ i N st.ds of great beauty. When heated, ini the air, or 
reasti'd, it is converted iido the trioxide, and liiially into 
hie totroxide, while the sul])hur escapes as the dioxide. 

1 l.vdroidiloric, acid dissolves the trisul})hide in the form 
el the (ddoride with evolution of hydrogen sulphide : 

Sb.S^ + GTKA ^ 2SbCl3 - 1- 3H.,S. 

^itiic acid converts it into the oxide with separatii^u of 
^id.nhur. AVhon a solution of antimony chloride is 
ti’i ated with hydrogen sulphide, the trisulphide is thrown 
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down. This jirtilicially prepared trisulphidci lias ai 
orange-red color, while that which occurs in nailin' is 
black or gray. Tlie sulpliide dissolves hi solutions of 
metallic sulphides, forming salts of sulphaiitiiii(»iji(jas 
acid, either HbS.SH. or iSbi^SH)^. 

Antimony Pentasiilphide, SbyS^, is formed by passiuir 
liydrogen sulphide into a solution of aiitimonio acid or 
by decom[)osiug a salt of siilphaiithuoiih; acid bv means 
of an acid. Tlie action takes placi; thus : 

2H,Sb( ), + r)H.^S __ Sb.,S, + 8H,/ ) ; 

1 hH(dl = (iNatd Sb.aS, MbbS. 

It is, when dry, a gohhui-yidlow powder known as khU 
phur (tHrahnn. It dissolviss (sasily in solutions of nieiallic 
suljihidi's, foiuning tlu' sn! pha ai i of wliirdi the 
sodium salt, Na,,SbS,, known as Scliii])])e’s salt, is a good 
exani])le. The action is r(‘pr(‘S(Uiie(l by tliis e(]uati()ii : 

8b,S^, ! (iNaSH = 2Xa,SbS, d- ;dH,S. 

AVIieii heated in the air th(‘- pentasiilphide gives 
off emmgh suljiliur to form the trisuljihidc* ; whii*^ 
\\ lien tin' jx'utoxidi'. is In'ati'd it is convert»'d into tin' 
t('troxi(hn Tlie sul])hantimonates ari' d('coni])os('d w la ii 
treated with acids and the p('ntasul[)liide is thrown down. 

Constitution of tho Acids of Arsenic and Antimony. - 
Th(*r(' is, in gi'iicral, marked analogy IxdwiM'ii tlu' coin- 
pounds of jihosphorus and thosi^, of arsenii^ anil anti- 
mony. In one ])articular, howi'ver, there is a ditfm'i'iicc 
wliich is worthy of spi'cial mention. It appears that, 
while phosjihorous acid is dibasic and probably lias tlii' 

I Tf 

structure OPd OH , arsenious and antimonious acids are 

( OH 

the normal (*om])ounds represented by the fonnnlas 
As(0H)3 and Sb(OH).,. Arsenic and antimonic acids ap- 
])ear to have tlie same structiiro as phosphoric* acid 

ro^i resented by the formulas As | Ji-nd Sb | * 

The diflference between phosphorous and arsenious aeids 
suggests the difference between suljihurous and seleni ais 
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icids. AVliile, acciordiiig to tlio ovidence, tlie constitution 
,)f sid])luu’ous acid is that represented hj the formula 

^ ^ ()H ’ seleiiioiis acid is represented by the 

fonniila OSc | . 

Oxychlorides of Antimony. — Under the head of Anti- 
iiioiiy d'iichlorid(5 the fact was nw^itioned that tliis com- 
|n)ujul is decomposed by cold water as re})resentcd in 
tl)(' (Hpiatiou 

Sl)Cl, + Hd) Sb()(U I 21iCL 

If, liowever, hot water is nsi'd, th(‘ com])ositi()n of the 
ap})ro\imat('s to that r(‘])i’(‘Stait(Hl by the formnhi 
SI) O hi.,. This comph'x mi\tur(‘ of oxyiddorides is 
known as the ^'Doicdvr of AhjaroffiX U rna v bo regarded 
as (h'l’ived fi'oni tin' simple oxychloride by loss of anti- 
iiioiiy tiichloride, thus : 

5SbO(1 : Sl),.0.,( 1, + Sl)(d,. 

^raiiv other oxychloriih's l)osi<les tlu^ two mentioned 
li;iv<‘ h(‘en ol)iaimMl, but llu'V are all more or less closely 
lylnhnl to the, sim|)h' c(>m])ouml SbOt'l. 

Oxides of Bismuth. - The ])rim*i|>a.l com])ouml ol bis- 
muth and oxyo(Mi is the trioxithy Hid ),, which is formed 
wlicii bismuth is biiimed in th(‘ air. Jt is a, yellow pow- 
der, Px^sides the nndhod just iiumtioned, it is formed 
hy d(‘com])()siu^ bismuth nitrat(‘ by hi^^h Innit. If a so- 
lution of bismuth nitrat(‘, JlitNOA,, i^ treated with a 
s(dution of potassium hydroxide, bismuth hydrox- 
i'lo, Hi(()H).„ is tlirown down. W Inm this is dihal at 
l***h it loses wat(U’ and is (a)nv('rted into the hvLlroxide, 
hi( )i OH) ; and if the hydroxide first precipitated is boiled 
^villi the solution it is converted into the yellow oxide, 
IhO,. The reactions involved are 

Bi(NOd3 + 3K()H == Hi(OII)3 SKNO, ; 

Bi(()H)3 = BiO.OH + H,() ; 

2 Bi(OH )3 = -h 3 H 3 O. 

The trioxide of bismuth is basic and forms salts which 
‘ ompoaition correspond to the salts of antimony. 
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Like tlie Litter, tliey iiro of two classes — the InsvivfJi 
and the bisnndhyl salts. The former are derived fioui 
the triaeid base, Lii^Oll)^, the latter from the nioimia 
base, BiOdlLT). 

Salts of Bisinutli. — The best known salts of hisimith 
are those whieli it forms with sul])lmri(; and with jiitih 
acids. 'Tiiero is a snl])liato of tJie formula JhlhSOj^ 
formed by dissolving bismuth oxide in dilute salplunic 
acid. Tlie sulj)liate which is most stable in th(5 |)icstM;co 
of water is the bismnthvl salt, (h>it )),S( )^. \\ In n 

bismuth is dissolvcal in idtric acid and tlc^ soliilion 
<na|)ora,t('d to dryness th(i salt lb(N().,)., j- 1()H„() is oli^ 
tained. This salt is d('com})(tsed when Insated, and h\’ 
water, forming Ixtsii'. nlf rales of hisnnilh. ddie composili ,:i 
of the basic nitrab'; obtaim'd by dta-oin posing ( Im ii(‘iit!:il 
nitrate with watm* dillers according to tin' coml i( ions. 
Hot and cold wah'r prodnc(' dirr('r('nt ri'snlts. A solu- 
tion containing mnch nitri<‘ a<dd does not gise iln* 
ri^sult as om^ which coida i ns I it t !(', et c. As basic hisiiiiitli 
]iitrate is used in im'dicim' it is m'cessary t lial spis il'u' 
direedions should b(‘ given for its pi’epaa'ation, in oi'd* r 
that a substance of tin' saim^ (*ompositi ( >11 should always 
bo obtaiiK'd. Among th(‘. basic. nitiati'S Avhich have been 

isolated are the following: ])i | niul 

( O.LiO 

P>i ' ().N(),_,. ]>('si<h‘s these many of mindi more complex 

(ok 

composition an^ known, but all of them can be lelonod 
to the simph^ forms. Sonu^ of them are of s])('cial int<‘i* 
est, as tln'.y apjx'ai’ to be derivjul from coinjnh^x loims nl 
niti’ic acid, as, for (example, an acid of th(^ loinnil-^ 
hidA.,(()K), or J L^N .O,, which is analogous to ])yropli"'^' 
})horic', })vroarsenic, and ])yroantimonic acids. The hasu^ 
idtrate of bismuth, or the suhuH r(d(\ as it is fia'tpn idl} 
called in pharmacy, is mnch us(ul in medicine as a 
edy ill dysentery and cholera. It is also ns<'d 
cosmetic. . . 

Bismuth Dioxide, BivOi, is formed as a brown picriKj 
tate when potassium hydroxide is added to a sohiinm 
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bisiiuitli chloride and Btanuoiis cldoride, BnCl^. Stan- 
iiouB cldoride combines very readily Aviih chlorine to 
form stannic chloride, SnCl,. AVhen, therefore, stannous 
cliloiide and bismuth chloride are brought together, it 
is luobable that tlie fojMiier extracts a |)art of tlie cldo- 
riiic fL'oin the latter, forming a cliloride of the formula 
LUCl,,, and this vitli tlie potassium hydroxide breaks 
down, ^ ielding the dioxide : 

2 r>iCl 3 + SnCl, = 2lhCl, 1- SnCl, ; 

21hCl, + llvOil WiX), + llvCl + 2H;0. 

Bismuth Pontoxide, is formed by oxidizing the 

tt'ioxi(l( 3 , by means of chlorine, in alkaline solution. Al- 
though some (ixjiorimentius appear to have obtained salts 
of ]»isiiiuthi(3 acid, as, for I'xainple, KJJiO.,, others have 
I'ailrHl to obtain tlumi. In any case it is evident that the 
acid [)ro[)erti(3s of the oxide are vin y wea-k. 

Bisiiuith Trisulpliide, oeeuis in nature, and is 

fornual by })i('ci [)itating bismuth from solutions of its 
salts with hydrogen sulphide. It dissolves in liot con- 
cciitrati'd hydrocddoric a<dd and in nit i ic aci<l. It doi's 
not dissolvi' in solut ions of tlie sulphide's as the sulphides 
of arsiMUc, and antimony do. 

Bismuth Oxychlorido, BiOCl, which in composithm is 
analogous to the sim])h'st form of antimony oxychlorichg 
IS thrown down as a white ])owd('r when a solution con- 
taiiniig bismuth chloride is to'ati'd with wate'r : 

BiCl3 1- H/) BiOCl + 21IC1. 

Family V, Gnour A. 

As the members of Group ;V, Family YTT, are related 

tiroup B of the same family ; and as th(3 members of 
Croup A, Family AA,are ndateel to the members of Group 
C'd the same family, so the members of Grou]) A, Familv 
^ j are related to the mmnbers of Grou]^ B, which have just 
studied. The members of Group A are vanadium, 
^‘oluiiihiiiiip tantalum, and didymium, all of which are 

Of these vanadium has been most thoroughly in- 
^^astigjLted, and columbiiim next. 
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Vanadium, V (At. Wt. 50.99). - This eleinoiit occurs ii 
natiiro in the lV>rm of vanadates or salts of vaiindic at id 
which is analo^^ous to pliosplioric acid. 'r],f. 
iinddiods ein|>h>y(‘d in separating tlie <deincnt from its 
eoinpoiuids de[)end u])ou the composition of tln^ coin- 
pound. In tile se})aration advantage is frecyiimitly tnkcn 
of th(‘ fact that llu? aninioniiim salt of vanadic acit] is 
dithcultlv soluble in a solution of am monium cdi h u hh. 
When this ainmonium salt is ignited it is ('onvertcd into 
the pentoxido V^O^,. W ith chloi ine, vanadium forms tln^ 
compounds A (0 A"(d.„ and A (d^; with oxygmi, (Ik' 
com])ounds A ./), V.d).,, A d^.„ A ^h? Wdb,. J n its re- 

lations to oxygcm it suggests nitrogen. Tlie oxithu \d),, 
conducts itself something like tlie tetroxidi* of antimony. 
d\)wards strong basi's it acts liki' an acid, foi ining salts 
of th(‘ gmieral formula Y,,Od ( )A1 (^S(m‘ Antimony 
Tetroxide. ) 

Vanadic Acid, II:,VO.i, is th(‘ most iiigiortaiit and Ik st 
know 11 of the compounds of vanadiinii. It is tin' tliml 
])ia)duct (d’ tln^ oxidation of v.-niadium, and Inaais to this 
(dc'immt th(‘ sanies laslatioii that phosphoric, arsi'iiic, ami 
antimonic acids bmir to phosjihorus, arsmiic, and aiiti- 
monv. ddie vanadat<‘S are (h'livi'd from ortho-, iin ta-, 
and p\ I’o-vanad ic aidds, though the most stalile oin s am 
the nndavanadati's, Al \ ( ).,. ddm frei^ vz/c/erevaabc er/d is 
known. It is a beautiful golden-yellow' compound, w liicii 
may be usinl as a substitute tor gold lironze. An <>\y- 
chlorido of the formula A ( )(d ,, conamponding to ]>li"S- 
phorus oxychlori(h‘, is made* by dir«H*t addition of chlorine 
to vanadium dioxiihn 

Tantalum, Ta (At. Wt. 181.45). — ^^rantidum occurs in tlio 
minerals columbite and taiitalite, accompanitul by nm- 
l)ium. AVith the members of th(‘ (ddorine grou]> it loi ias 
tlie compounds dAiT\, Tadl^, ddiddiy,, and TaT,. Tania Inni 
fluoride combines easily xvith the fluoridim of other nn l-ds 
forming the fiuota.ntahites. These may lie regarded 
salts of iluotantalic acid, w hhdi are derived from the o\m 
gen acids by replacement of a part or all of the oxygen h) 
fluorine. Thus, the salt K,/L\‘ih\ is easily obtaine<! hi 
treating tantalum fluoride with a solution of potassnin) 
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jluoride. This is a salt of tlie acid H/IaF, or 
wliicli is analogous to tlio oxygen acid H/Ta.O,. With 
oxvg('u it forms Ta,,0, and Ta,0,. Tlie latter forms the 
till 1 till ates with bases. When tantalum pentachloride is 
(leiDinposed with water it forms the acid H^Ta^O, or 
pyroiaiitalic acid : 

2TiiCl, + 7H,0 Ta,03(0H), lOHCl. 

l1io tantalates are derived from the meta-acid HTaOg, 
and from the hexa-acid H/ra/J^^, which is derived froni 
till' orilio-aeid as representi'd in this eipiation ; 

GH/TaO, = HJa/)., -|- 

Columbium, Cb (At. Wt. 03.7). — Idiis element, which is 
soiiietiines cjiUed niobimn, occurs in the inimn’al c'oliim- 
l)il(‘. It forms two chlorides, CbCl., and Cb(d,, and t: 
])i()iiiid(^ ;ind tlmuide corr(‘S])onding to tin* hitter chlo- 
ride. ddi(^ tliiorid(' riaidily {ny\\\s siiidlar 

to the lluotantjihites. d'he idobjites iO'e (ho ivi'd fi’om a 
iiuiiiher of forms of the a.cid which are, however, closely 
rehitcd to the ortho-acid H,,CbO,. 

Didymium consists of two very similar elements, 
ihjiinutii, and priusmihj miunt . In some of their com[)ounds 
they show a resemblance to tln^ memliers of this group. 
Th(‘V form, for (ixamph', an oxid(‘ of the formula Di./h- 
till the other liiind, they seem to lie more closely relatial 
to cerium and lanthanum, which are also veiy^ rare ele- 
ments, occurring associated with didymium. These will 
Ix' liirther treated of in coniu'ction with lanthanum and 
ecidum. 

Boium, B (At. Wt. 10.8G). 


Ctonoral. — Although the (dement boron is not a mom- 
^>‘“r of the family to whicdi nitrogen and pln^sphorus be- 
it nevertheless resembles the memliers of this 
huiiily ill some res])ects. Jt belongs to the same family 
;d inuiniiini, and in the composition of its compounds 
is undoubtedly similar to aluminium ; Imt, on the other 
l^-'i'd, its oxide is distinctly acidic, while that of aluminium 
basic. 
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Occurrence. — Boron occurs in nature cliiefly in tlie form 
of boric acid, or as salts of this acid, particularly a 
sodiuni salt known as borax. 

Preparation. — From borax and the other borates the 
acid can easily be obtained. When heated, water is given 
oir, and boron trioxide, B.^ 03 , is left: 

2B(0H)3 B3O3 + 3H3O. 

By' heating the oxide with potassium amorphous l)oron 
is ol)taimHl. V>y melting the oxide with alnminiinii, 
boron is formed and is dissolved in the molten aluiuin- 
ium, from which, on cooling, it is deposited in crystals. 
Amor[)lions l)oron in almost jnire form is obt/iiiunl ])v 
heating borax with magnesium powder. One of llu; 
(diief di(licidti(‘s enconnUnaal in ])re|)ajing l)oron is to 
prevent the clermmt from combining with the nitrogm 
of the air. At the liigh tempinature at which the 
reduction takes place th(‘ two ehunents combine very 
readily to form tln^ compound boron nitride, BN. The 
crvstals obtaimal in the piaxa^ss d(}sc-ril)ed are not pure 
boron, ])ut contain alnmininm, or cai’l)on .and alnniiiiiuni, 
apparently in combina.iion with tln^ l)oi‘on. T'he crystals 
are very h.ard, and sonn^ of th(un hav(^ a liigli Instiaa 

Properties. —Amorphous i)oron is a greenish-brown 
powd(U’. It burns when heabal in the air or in oxygen, 
the prodm^t being the ti’ioxi<le B./) 3 . Strong oxidi/hig 
ag(uits, like nitric, acid and saltpebu*, rejidily oxidi/(‘ it, 
forming boi’ic acid. It combines readily .also with ninny 
other elements, as with chlorim*, nitrogen, .and sulplmr. 
When it is brought inb) the nudting liydroxides or enr- 
bonates of potassium or sodium, it forms borates of tl'^' 
corresponding^ met.als. 

Boron Trichloride, BCI3. — Tliis compound is formed hv 
heating boron in a current of dry chlorimg and bv lic.d- 
ing a mixture of boron trioxido and cliarcoal in chlorino: 

2B.P, + 3C -f GCl, r:::. 4 BCI 3 + SCO,. 

This reaction is especially interesting on account of ds 
double character. Carbon alone could not reduce th« 
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1)01011 trioxide at the temperature employed ; nor could 
the cliloriiie alone displace the ‘oxygen and form the 
( hloi’ide, but when both chlorine and carbon act together 
these changes take place, one aiding the other. 

Tlio chloride is a litpiid wliiidi boils at 17°. Like 
pliosphorus trichloride, it is easily decomposed by water, 
forming boric acid, which, as will be seen, is analogous 
ill composition to phosphorous acid and arsenious acid : 

BCI3 + 3H,0 ^ B(0H)3 + 311C1. 


This decomposition is analogous to that of arsenic tri- 
chloride rather than to that of ])hosphoriis trichloride, 
for in the latter case a secondary change takes place, re- 
sulting in the formation of an acid of the constitution 

OP ^ ^ 

i (OH); . ^ 

Boron Trifluoride, BF3, is obtained liy treating a mix- 
ture of lluor-spar and boron trioxide with coiuamtrated 
sulphuric acid. Tdie reaction is a double one, consisting, 
first, in the setting free of hydrotluoric acid fiTim the 
fluor-spar : 

Cah\ H38O, ^ CaHO, + 2UT ; 


and, second, in tlie action of the hydrotluoric acid upon 
the oxide of boron : 


B ./)3 + GHF = 2BL3 + 31130. 

It is a colorless gas, Avhich acts ujion water, and therefore 
forms a tliick wliite cloud in the air. The action upon 
Water is represented by tlic e(piation 

4BF3 -f 3H3O B^OH), + 3 HBhV 

The first action wliich we should expect is the formation 
of normal boric acid, thus : 

m\ + 3H3O b(oh)3 + 3 Hr. 

Ihit the hydrofluoric acid combines with some of the 
b itluoride of boron, forming the compound HBF,, which 
Iviiown as huoboric acid. Several elements act in this 
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way, particularly tlio members of tlie silicon i^ioup 
Silicon itself fcumis the well-kuown com 2 )ouii(l Hiiosilici^ 
acid. Fluohork ncul is to be regarded as metabol ic a, -id 
11130,, in Avhich the two oxygen atoms have been iv. 
placed by tinoriiie. The acid has l)een obtained in tiic 
free state, and is a li(]uid boiling at 1‘1()'^. It foi'ins salts 
of the g(nnn-al formula of which tiie pot.issimn 

salt, K is the b(‘st (‘\ani[)h‘. 

Boric Acid, BiOHy. — lioric acid occui’S fn'e in natme 
and ill the form of salts, of whidi the priiicijial one is 
borax. 13esi(b‘S borax, which is a sodium salt dcrivcil 
from tdraboric acid, n,l>|()„, tlnnaa aia^ other naluiaJ 
borates, as boracite, which is a magnesium salt (‘oniljiiu'd 
with magnesium diloibh' ; and datholite, Avhicvh is niadr 
up of silicic acid, boric aci<l, and the elennnit cahiniii. 
One of the most intei-esling natural forms of boric ai i^l 
is that which is giv<m off fi-om th(‘ tn'irth w ith stoani. 
Hucli jets of st(n‘im are i::;d w itli in many vohninic regions, 
and are called fumaroles. In 'rnscany many of the 
fumaroles are charged with small ([uaiititic's of boric 
acid, w'hich is somewliat volatile w ith steam. Idiose nt 
iNIouto Cerboli and INEonte liotundo in Tuscany are ntil- 
iz(Ml for the pmyiose of obtaining the lioidc acid, foi' 
this pur[)os(^ basins are built over the funiaroh'S and lilli d 
with wnatm’, so that tln^ stmim is comhmsed and tin' boric 
acid dissolv(Ml in the w'atm*. The solutions formed at tlio 
higher levels tlow^ into basins at lowin’ hovels, and iiiinllv 
l)(;come cdiargiMl with a considt'rabh^ (piantity of tin' ncid, 
wdien it is (‘,va[)orat(‘d to crystadlization by tln^ aid ol 
lieat furnished by the fumaroh's. Tln^ acid obt aim'd in 
this way is not pure, but by laan-ystallization it is (‘asily 
purilied. 

Boric acid can also lie made from borax by heating tin- 
salt in solution with dilute sul])huiic add : 

Na,B,(), + H,SO, + r,lf.y ) Na,8(), - |- IB(OH). 

If tho solution is sulliciently concentrated the boric ac i'l 
crystallizes out on cooling. 

Boric acid is easily soluble in Avater, aaid crystalli - 'c- 
from the solution. It is also soluble in alcohol, and thi^ 
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solution burns with a characteristic green flame. Tlia 
ici<l is (juite volatile with water vapor. When heated at 
P)0" orthoboric acid h^ses one molecule of water, and is 
coiiv('ited into mHahoric acuJ, ; at it yields 

tdmhoric acidy ; and at a liiglier temperature it is 

(.onvorted iuto boron trioxide or boric aiiliydride, 

Tlioso cliaiiges are ro})rcsentod in the ei^uations follow- 
ing: 


i4oh = b}2ii 


( Oil 


OH 
OTI 
on 

.OH 
OH 
OH 
.OIL 
OH 
\OH 
/OH 
b^oh 
\OH 


B 


B 


B 


B-0 

\o 

B(on 

>0 + 5H,0. 
b(ou 
/O 

B=0 


Tlie most stable salts are the tetraborates and meta- 
l)oraies. Borax is tlie sodium salt of tetraboric acid, 
!>/);. Tlie salts of orthoboric acid are unstable. 
They break down wluui treated Avith water, forming free 
l)ovic acid and either metaliorates or tetraborates. 

When heated together with oxides, boric oxide forms 
!^-dts just as boric oxide and water form lioric acid. 
l>"tax also, when treated Avith nu tallic oxides, forms 
d'uhle borates, which are derived from normal bori(3 
u<‘id. Thus Avith copper oxide action takes place Avhich 
•‘should probalily be rejiresented thus : 

Na,^IhO, -h nOuO — Na.,(hidBt);,l4 ; 

*^'"1 BA + :Khi() OudIKA. 

i'lrany of these salts ar(> colored, and the aidion of 
t.dlic compounds u])on boron trioxide and U]Aon borax 
utilized for the puiBose of determining their nature 
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by the color of tlio muss formed. It will be renuMiilx ivd 
that sodium metapliosphato is used in the sanu' w.iy. 
With it the oxides form salts of jjhosphoric acid. 

Most of the boric acid obtained tVom Tuscany is us( d 
in the manufacture of borax, a salt whi(*h finds extnisivi 
ap])lica.tion. 

Salts of Boron. — Althoui^h the most characteristi(' coiu- 
pounds of boron ai'e those in which it acts as an ai id- 
formin;^^ element, it forms sonuj compounds in wliic li ils 
power as a. basi'-fornnu’ is shown. Thus, with ('oiuni- 
trated sulphuric acid the trioxide forms a compoinid 
which ap[)ears to be: jiyrosiilpliuric acid, in w liiidi 

DUO hydrogen is replacml by the ^■rou[) 1>(), w liii li 
is analogous to aiitimonvl, SbO, and bismuthvl, Hit). 
It lias the com])osiHon Turtluu’, wIkmi (‘oii- 

centrated phos])hoii(‘ acid ac-ts u])on crystallized hoiic 
acid, lK)ron IITO,,, is formed. ^Jdiis compoiuKl 

is (diaract(U’iz(‘d by grisat stability. ( 'oncentratiul acids, 
for (‘xamjde, do not d('coni|)ose it. It also forms ii salt 
wdiich a])[)ears to lie analogous to tartai' (umdic, whit li, 
as has Ix'Oii pointial out, is jirobably aiitinionyl ])otas- 

sium tartrate, j ^ 'Ihis is tlu^ salt rcprestndtal 

by the formula | which may lie called bond 

|)o tas si u m tar t I’a t c ^ . 

Nitrogen Boride, BN.^ — dliis com])ound has Ix'en O ' 
ferred to in conmadion with the ])i’e])aration ol hoioii. 
Itis easily obtained by igniting a, mixture of dehydialcd 
borax and ammonium chloride. .It forms a white ])tev- 
der, which is insoluble in wat<u’, and is (diaracterizt'd l>y 
great stability. At rial heat it is decomposed by water 
va])or into ammonia and boric acid: 


2BN + 6H,0 = 2B(0H)3 + 2NH,. 
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CAUBON (C, At. Wt. 11.02) AND I'l'S SlMl'f.FJl COMPOUNDS 
WITH HYDROGEN AND CHLORINE. 

Introductory. — Carhon l)eavs to I'.iiiiily IV rtlatioiiH 
similar to tViose whieli iiitroj^toi, oxygcai, aiul Hnoriiio 
l)(s‘ir to Faiiiiliits V, VI’, and YIL Towards hydro, ^eii, 
;is well as tow ards chloriuo and ()xy‘j;en, carhoii is quadri- 
vat'iit, and towards it is also bivalent. In this 

faniiiv the inaxitmim oxyj.^nni-vahnice coincidets with tho 
Iivdro^eii-valenee, while, as has been seen, in I'Viniilies V, 
Vr, and V"II, tint oxyj.^en-vah‘nce is higher than the hy- 
tli‘o^('ii-Yalene(', the difVenniee becoiniiij^ p;r(\‘itov from 
taiiiily V to VIT. While tln^ higher (^xy^en eoinponnds 
of t’aiiiily iV are addie, iorininj^ acids which are d(U’ived 
li’oiii tlie normal acid, lt(()Tl),„ tint lower oxiih^s ;ire not 
.^('iK'rally acid. The hydroj^avn compounds of tint gemvral 
foi'tiiula of Avhich there are but two, tliosc^ of car- 

I'oii and silicon, have indther acid nor basic ])roperties. 
baihoii is dis(injj;uished by the large nund)er of tho 
foin pouiuls into which it ent('rs, all of which aia^ more or 
loss closely rdated to a, com])aratively sniall number of 
laiidiimental forms. 8ili('on also forms a large nmiila'r 
'•f < 0111 pounds, as w e shall s(m‘ ; but these' are of a ditte'r- 
mil liiid from thoste obtaiiu'd from carbon. 

Oceurrenco of Carbon. — I n gem'ral, substances which 
iirt' ()l)tained from the vege'table or aidmal kingdom Jtldchru 
'dicu lu'ated to a sutlicimitly high tempe'rature, and after- 
^vaels, if they are heated in the air, they burn up, as wo 
IVheu we cousieh'r tlu' gre'at variety of substaina'S 
k >11 11(1 iu living things, it certainly ap])ears remiarkablo 
di:i( iK'arly all have this property in (‘ommon. tt is duo 
tact that 7?cerrb/ f/// (tnimal and snlhsfam'es 

the element carbon. IVheii they are heated tho 

(3571 



358 


mOHGAmC CUEMlSTUr, 


other elements present are first driven oft* in various 
forms of combination, while tlie carbon is the l.isi to <.(| 
Hydrogen and oxygen 2)ass oft* as water; hydioycai 
nitrogen as ammonia ; and mucli of the carbon also passe s 
oft* in combination with hydrogen, with hydropon aiuj 
oxygen, and with nitrogen and liydrogeii. It tlio ligat- 
ing is earried on in tlie air, the carbon finally ('omliin,.,^ 
with oxygen to form a colorless gas — it burns up. ('ar- 
bon is the central (‘hmient of organic; nature. TIkmv is 
not a living thing, from the minutest micros(‘o|)ic animal 
to the mammoth, frojii the moss to tin; giant lian-, wliid 
does not cojitain this tlcnuent as an (‘s.senlial (‘oiistitin iit. 
Theiuiml)er of the coni[)ounds which it forms is almost 
infinite, and they ])resent such jx'cvdiaiiticns that tine am 
commoidy treated of under a st*[)arate Inaid, “ Orgajiiu 
Chemistry.” ^.rinua; is no good rcaasojifor this, (‘\('e[)l tlio 
large number of the compounds. I*or our presinit pur- 
pose it will sulfice to considei’ the clnmdstry of tli(‘ ilt- 
ment itsdf, and of a iV;w of its Jiiore important siiiiplo 
com[)ouji(ls. 

I’rom w hat has aliaaidy beam said, it w ill be scani tint 
the prindpal form in which carbon oc'cni's in nature is 
in eoni hination with othei’ elements. It occurs not enlv 
in living things, Imt in their fossil remains, as in ( oal. 
Coal-oil, or petroleum, tlie formation of which is pculiaps 
due to the action of waiter on metallic carbid(‘s, consisls 
of a large numlxu* of t;om2)ounds which contain only (MI- 
bon and hydi'ogcm. Most produ(;ts of jilant-life contain 
the ehmieiits carbon, hydrogem, and oxygem. Among tlm 
moia; eomnion of these jn’oducts may bo immtiomMl simar, 
starcli, and cellulose. JMost products of aidmal life mni- 
tain carbon, liydrogen, oxygem, and nitrogen. Among 
them may lie mentioned albumen, fibrin, casc'in, nlm 
Carbon (xmiirs in the air in the form of carbon dioNihn. 
It also occurs in the form of salts of carbonic acid; tim 
carbonates, which are very widely distrilmted, forming 
whole mountain rangi^s. Limestone, marble, and chalk 
are varieties of calcium carbonate. 

Uucombiued, the element occurs jinre in two very dif 
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ferc'iit foriiiB in nature: (1) As diamond; and (2) ms 

— The diamond occurs in but few places 
oil tlie ('jiitli, a.ud practically iiothiu}^ is known as to tli(‘. 
(ouilitleiis wliicli ^avc'- rise to its formation. The c(‘h‘- 
l)i;it(Hl (liainond beds are hi India, Boi-mu), llra/il, and 
South AiViea. Wlien found, diamonds are ji;enerally 
covoi'ed with an opaijue layer, wliieh must 1 h‘ removed 
bofoie iis beautiful propiudic'S are ap[)arent. Tlu^ crys- 
tals are sometimes regular octaliedrons, thoujj;li usually 
they are somewhat more complicated, and tlu' faeces are 
maimuitly curved. It is tln^ hardc'st substance' know ji. 
For nse as a ^em it must b(' cut and polisln'd. 
Tlu' object ill view is to brin;j; out as sti'ikinj^ly as pos>i- 
lilo its brilliamyv by exposinjj; the face's favorably to 
' 111 ' aeiioii of the li.e;hl. If ln'ati'd to a v<'iy liij^h tt'iu- 
iiK' without a(‘C('ss of aii‘, it swells u|) and is 
i-oii v('rt('d into n bl;i(d< mass resinnblini^ coki'. d la* 
l:\k('s placi' without loss in weiy:;ht. Ileati'd to a 
hiyh temperature in »>\ye;t'n, it burns u\), \i('hbn^ only 
carbon dioxide. It is insoluble in all knowm Vupiids at 
ordinary temperatures. It dissolves, howevi-r, in moltmi 
cast iron and in some other molten metals. Small 
diaiiiomls have recently (181)7) been made by Aloissan by 
dissolvinyj carlion in cast iiani with the aid of an ('lectric 
fmiiaee, and suddenly cooling the mass. ITnder these 
conditions the carbon is under uiu'at pressure. 

Graphite. — (Jraj)hite, or plumbao^o, is found in nature 
ill lar^e (pnintities. Sometinu's it is crystallizi'd, but iu 
hams entirely difh'vent from those assunu'd by the dia- 
iii'nid. It can be ])r(‘pared ailiticially by dissohini; char- 
coal in molten iron, from which solution, on coolinj; it is 
I'aiily deposited as ‘jjraphitm It has a gjuiyish-blaidc 
Color and a metallic lustre. It is quih' soft, Imaving a 
]c;id(ui-gray mark on paper Avhen drawui across it, and it 
hence used in the inanufacture of so-called lead ]iencils. 
ft is sometimes called black-lead. AVlien lu'ated witliout 
■■K ' t ss of air it remains unchanged. Heated to a yery high 
hnuperature in the air, or iu oxygen, it burns up, forming 
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only carbon dioxido. Like tlio diamond, it is ijis(^]ul)|g 
in all known liquids at ordinaiT temperatures. 

Amorphous Carbon. — Ail forms of carbon Avliidi are 
not (lianiojid, nor ^Ta|)liit(‘, are included under the jiau,,^ 
((tnorplioffs atrhoii. The name si^iiilies sim])ly tijat it is 
not cryslallized. The most common form of amorphous 
carbon is ordinary cliarc'oal. 

(JJm rcoul is that form of carbon made by the cJ/arrinij 
proci'ss, which consists sim])ly in heatinp,* wood Avitliout 
a siilli('ient supply of air to etfect complete coinhus- 
tion. Th(^ substance almost exclusively used in Dip 
manufacture of charc'oal is wood. As has alrc'ady htcii 
stated, wood is made uj) of a lai'^e nnmb(‘r of sul)staiicrs, 
muarly all of whiidi, howexau*, (Consist of the three (dciiioiils 
carbon, hydi-OM(^ii^ oxynam. One of the chief con- 

st itm^nts of all kinds of wood is c(‘llnlose. !Now, wIhmi we 
s(d lire to a pi(M‘(^, of wood, — that is to say, wlnni wo heat 
it np to the 1(011 pi'ial nre at which oxvj^on bep^iijs (o net 
on it, — it burns, it aii’ is piu'scnt. I iider ordinai v eir- 
cnmslaiices the clnniical cha]pi;es which take ]dace aro 
<'ompl{'x; but if care is talon, the combnslioji (aiii ho 
ma(h‘ com pleby wlnn all th(‘ carbon is conv(n-ted into ear- 
bon dioxidce, and all tluj hydrojnn into wat(n’. If, on Die 
oth(‘r hand, the air is preveid^'d from comin;^' in (‘ontact 
with th(i wood, as by heatin;^ it in a. c1os(m1 aa^ssel, nr if it 
is ]n-ev('nt<'d fi-om cominp,- in contact A\ith it siD’licimiDy 
to eth'ct (-omphdi^ combnslion, the hydro^eji is pi\f'ii 
oh ])ajtly as wa.t(‘r and partly in the f(^rm of vnlalilo 
])rodncts containin;^ carbon and oxyp;en, as ?rond spinfs 
or ntrfjnfl. e/cn/aV, pp rolnf tioo/is or (ico/k; uch/, nec/e/a, I'le, 
Th(‘ enrbon, howtoao', is foj* the most part hh't behind 
as (diarc()al, as tlno'e is not enonp;li oxypjen to coiocit 
it into cai'bon dioxide. Such a ])i’ocess as that jus! dt‘- 
scribed, when ('a,i'i-i(‘d on in elosf'd vessels, is known as 
(Icsf rh'cf u'o (hstilhd ion or dry disf illafion. It is alsca kinevii 
as the (diarrim^ ])i'oeess. It is a. complex exanqih^ <>1 ‘‘ 
kind ol chanpn? whitdi we have already had to (hail ' ifh. 
Wlnnu^ver clnnnical com])ounds are heated the consfitie 
ents tend to arran‘^(^ themselves in forms which aia' sf ihle 
at the hipjher temperature. Sulj)iiites become sul[d]a!n,s. 
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,)]]os])1ntes become pliospbates ; cljoratcs become per- 
t;]i[()i ates ; aininouium salts break down into the acids and 
.uinmniia *, ainuiouium nitrite is decomposed into nitro- 
(reii and water*, ammonium nitrate yields nitrous oxide 
jiiid water ; ])rimaa‘y plios])liates yield metaphosphaU'.s ; 
stM'oiidaiy j)liosphates yield pyyropliospliates, etc., etc. 
('iLii)ou componnds are, in jj;<‘n(‘ral, more sensiti\e t(^ 
t1ie inlluenco of heat than the compounds of other 
clciiKnits, and all are decomposed (wen at comparatively 
low t(nn peradures. 

Tlie above stahmieuts will make it possible to nmler- 
stand the working of a cliarcoal-Jdln. This consists es- 
s(Milially of a ])ilo of W'ood ai-ranged to leave s])ac('s bm 
t'vciMi the |)i(M‘es, ;ind coviU'cal w itli some rough material 
tliiougli w hich tlie air will not pass (aisily, as, for exam- 
])le, a mixture of ])o\vdered charcoal, turf, and ('arth. 
tSinall o])(Uiings are left in this covering, so that after the 
wood is kindled it will continue to buiJi slowly, ddie 
]»roc('ss is sonu'tiiiH'S cari-i(Ml on in siructuia's of bibdv- 
work widi the nec(^ssarv Jiumlx^r of small o])eningsin the 
walls. The (diang(‘s al)ov(‘ nK'iitiom'd take ])la('(', th<i 
^ast‘s or Yolatih' substanc(‘s passing out of th(^ top t)f the 
kdn, and ap])earing as a, (hmse tdoud. In du(‘ time 
the liohis through whicdi ilu' air gains access to tlui 
Wood, thus making tin? burning possibhg aia^ stopped up, 
and the l)urning ceases. (Tiarcoal, whi(di is ini])ure 
;nnoi-|)hous cairbon, is left Ixdiind. .Vs wood always 
Contains some incombustible substances in small (plan- 
tit\', these any of course, found in the (diarc'oal. When 
tile wood or (diarcoal is burned, those substances remain 
liahind as tlie ash. 

tii'dinary chareoal is a black, com])aratively soft snb- 
'^liiicm It burns in the air, though not easily, unless 
bie gjises wdiich are fornu'd are eonstantly nunovml and 
h('sh air is su]>])lied, — conditions wliich aix^ nud by a 
tt''')d draught, or liy lih^wiug u])oii the tire with a bellow s. 

burns readily in oxygen. The ])r()duct of tlu^ com- 

lion in the air and in oxygen, wlnui the eonditions are 
huoraiile, is carbon dioxide, CO,^. In the air, w hen the 

'light is bad, another compound of carbon and oxygmi. 
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carbon monoxide, CQ, is formed. Heated witliouf acci-s, 
of air, (diarcoal remains unciianged. Charcoal is insoln 
ble in liquids ^^enerallj, though it is solidjle in 
iron, and it crystallizes from the solution, as wo liave 
seen, in the form of graphite, and sonudinnos as diamomi 
Ch/o’. — ]>esides wood charcoal, there aiv, other foiais 
of amorphous carbon, which are nianufacturc'd for s[m cliI 
purposcas, or are foianed in processes carried on for (jn. 
sake of other products. Coke is a form of aiiioiplioiis 
carbon wliich is made bv heating ordinary gas-coal witli- 
out access of air, as is dojie on the large scab' in tin 
manufacture of illuminating gas. Cok{‘ Ix'ais to coal 
much the same relation that charcoal l)ears to wood. 

jAnnp-J)h(ch' is a veiT linely di\i(h'd foian of chaicdal 
which is (deposited on cold objects pla<'(Mt in the llamcs 
of burjung oils. Tin; oils consist abiiost e\clnsi\ely el 
carbon and hydrogen. A\’]ien biirin'd iji the air (law 
\i(dd carbon dioxide and watio’. Jf tlie Jlann^ is cooled 
down by an\- jneans, oi* if tlic^ sn[)ply of air is j)ar(l\ tail 
oil*, tln^ carbon is iiot conijiic'toly bitianMl, th(‘ llaiiic 
“ siiKd'if'S,” as we say, and (h'posits soot. This proct ss 
is chemically analogous t<> tin' (h'positof nndallic aiscnic 
from a ilame of ai'sim', to th<‘ (deposit of suljiljar froiii 
a llani(‘ of liydi'ogcm sidphiihy and that of pliosphonis 
from a tlanie of ])hosj)hine, when thmse gas(\s ar<^ ])iirnt'(l 
in a supjdy of air insullicient to ellect com])h‘t(‘ cojnhiis- 
tion of ])oth constituents. The soot obtaimal fioni thr 
tlanif'S of bui'iiing oils is nunh^ up largady of tim^ ])ai'ticl(‘S 
of carbon, tliougli soni(‘ of the unchanged oils iwv con- 
tained ill it. It is us('d in the manufacture of ])ihitiii,e- 
ink. As carbon is actml upon dirmdJy by very lew siii)- 
stances, and is not soluble, it is ahnost inijiossiblt' le 
destroy the color of jirinting-ink without destroying tlir 
material u])on w hich it is impressed. 

Bonc-hJ<irkj or yininud (Jlurnoal, is a form of amorjihmis 
carbon wliich is made by charring bones, jhun^s consbt 
of about one thii'd organic, matter and tw o thirds in< ' ni- 
bustible matter, mostly calcium phosphate. A\ hoi 
charred, the organic matter undergoes the champs 
briefly described under the head of Charcoal, while da 
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.^co,iil)ustible constitiieuts reiiisiiii •uucliaiiged. As the 
• raiii(* matter is distriliuted tliroiigli the substance of 
tlio bones tlie charcoal obtaiiied in tliis way is in a very 
liiu' si.iie. of division, but it is iiuxcmI with several times 
jts own wi'ight of mineral matter. In order to remove 
tho latter the bone-black must be treated Avitli liydro- 
^.liloric acid, and afterwards tliorou^dily washed with 
uater. An elhcituit variety of animal charcoal is made, 
fni'tln'r, bv mixin;^ blood with sodium carbonate, cliar- 
;i!id afterwards dissolvin'^ out the sodium carbon- 
;ii(' with wat(‘r. 

P)()ii(^-])lack and wood-cliarcoal are very ])oi'ous, and 
liav(' the ])ow.er to absorb }j;as«‘s. W lum ])lace(l in air 
oMitainino ba(l-smellin»^^ ^ases tln‘se aia^ absorV)i‘d, and 
(ho ail' is thus to some ('xtmd pui'ititM]. W'Ik'U water con- 
taininijdisay^reeable substama's is tnaati'd with charc-oal, 
tlieso ai'(' wdiolly or partly absorbiMl, and tin* ^vater is im- 
ju'oved. Cbarcoal-liltm-s aia‘ thercl’o)-e (‘xt(Misively used. 

A (‘bavcnal-hlter to \>e ctht-iont sho\ibl be of «^ood si/.e, 
aiul from tin\e to tiiu(‘ ih<‘ cliarcoal sliouhl be taken out 
and rimewed. 'The small tilters which arc' senoved into 
faiuads are of btth' valmu as tlu' charcoal soon ht'coines 
c'liarL(('(l with tlie obj('ctionabl(^ matm'ial which is pres- 
ent ill the water, and is th('U a soui'ce of contamination 
ratlici’ than a imnaiis of jnnilication. ddie ])ower of 
eliarcoal to absorl) ^asc'S (h^pimds upon its ])orosity. 
That from soiiu' varieties of wood is more porous than 
tliat from otlu'r varieties. Tlox-wood charcoal has 
he(Mi shown to absorb 110 times its own volume of am- 
monia gas, 35 tbnes its volume of carbon dioxide, and 
ii'aily twice its volume of hydrogen, (diarc'oal from 
eecoa-uut wa)od absorlis times its volume of am- 

leiiiiia, and ()8 times its volunu' of (xirbon dioxide. 

8oine coloring matters can Ix^ rmnoved from liquids 
h> passing the li([uids through hone-black fJfers. On the 
^<ege scale, this fact is taken advantage of in the retining 
*d sugar. The solution of sugar first obtained from the 
ram or beet is highly colored ; and, if it wan e evapo- 
I’iitrdj the sugar deposited from it Avould be dark-colored, 
b, however, the solution is lirst passed through bone- 
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black filters, tlie color is rcinoved, and now, on evapor-t 
ing, white sugar is de|)osited. In the hiburatory (ou 
stant use is in.-vdi' «>!’ tins nu'tliod for decolorizing lii|ui(ls. 
The jiciion can easily be shown l)y adding a little hoju , 
black to a solution containing some litmus or iiidino. 
If the solution is digestc^d for a short time with tln' 
bom;-black, and them passed through a filter, it will 1),. 
found that the coloring matter is r(miov(‘d. 

Charcoal does not undej'go decay in the air or midi r 
Avaten* m'urly as readily as wood. That is anotln'r a\;iv 
of stating the (dumiical fact that tln^ substama's of w iiich 
wood is made up aie moi'e susc«'j)tibh' to tlui action of 
other clumiical substama's than (diai coal is. \\ (^ Inivo 
om^ good illustration of this, imhaal, in the relati\(i easo 
Avith which < haiaa)al and wood burn in th(‘. air. .kilos 
Avhicii are driven Ixdow the sui'face of Avaier arc' soino- 
times charied to protcict tliem from tlie action of Ihoso 
substama s Avhi(di cause' d(a*ay. 

Coal. — IJmh'r this lu'ael aia^ includeal a gre'ai iiniiiy 
kinds of impure amorphous <'arbon Avhich oeamr in na- 
ture. Altliough AV(^ might distinguish b(dw('('n aji almost 
inhnite' nuiidau; of kinds ot coal, tor ordinary ]»nrpos(‘S 
they are divi(h‘<l into Itanl ainl .sp/7 oxils, or (i nih 
and hlf luti ! noHS conJs. ^klnm tlnna'! ana; substaiua's nioiv 
nearly alliral to Ayood calhal fiffnife and those Avhie li ro]i- 
re'semt a yeary early stages in the jereace^ss eer ea)a 1-loriiia- 
tion, viz., peed. A edose^ e'xamination e)j alt the'se> \ai'io- 
tie'S has she)wii that they ha, ye beeiK formeel hy ih‘ 
graelual ehaa)ni[)e)sitie)n of vegetahle matteu’ in an. insut- 
fiedemt su])ply eef air. Tdiej prexa'ss lias beevn going oii 
for age's. Sornetime's the sul)sta,nces ha, ye, at tin' saint' 
time, been subjee-te'e! to gre'at pre'ssure a, can bt' st tni 
fre)m tlie positiean in whiedi the'y eaaair in thea earlli. Ik' 
proelucts in the earlier stage's e)f the eaia'-forming (e'o- 
<aass are^ more chasely allienl te) woeeet than tliease^ in iln" 
later stages. All torms of (aaal contain other sulisf im <‘^5 
in addition te) the carbon. The soft ce)als are pai inai 
larly rich in other substances. AVhen heated they g^'^ 
oft' a mixture of gases and the vapors of volatile li(|niik' 
The gases are, for the most ]iart, useful for illiiminndnf 
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piuposos. The ]i(_[ni(lrt form a hlach, tarry mass knoM ii 
jis cndl-tar, from wiiieli many valuable eom})oun(ls of car- 
1)011 are obtaimul. The gases ar<'. passed throiigli water 
for the pui’pose of removing cortain inipuriii(‘s. Tliis 
Mater absorbs ammonia, ami forms tlie roawo??/ncfd liquor 
of tin; j^as-works, whicli, as has liecm state(f, is tlie prin- 
cipal source of ammonia. 

Diamond, Graphite, and Charcoal are Dillerent Forms of 
the Element Carbon. — Wo ha\(‘ s('(‘n that oxygen ])r('s<‘nts 
i(s('Jf in two forms — ordinaiw oxygcm and ozone. Ozorn^ 
IS made from oxygen, and oxyg«m fiom ozoii<‘, w illioid aji v 
iiicfi'ase or demaaise in wiugld ; ami tin' compoiuids ol)- 
laimal hy tlie cond)ination of otlnn- eleau'nts witli o\\g(‘n 
are idmitical xvith those obtained by the (‘ombimdion (d' 
(lie same (dimumls witli ozome So also there aix' seN(']‘al 
\ari(di(m of sul])hur, two of which crystalliza' in ditleiamt 
foi'iiis. aie, fui th(‘r, tliix'e or four dilTeiamt modi-, 

lii'ations of th(‘ (diMmud ])hos|)horus, and these difler 
fi'om om‘ anolln'r in a V(*ry markcal way. ddie explana- 
tion of tin' (Ulleiamce b(dw(M'n oxyga'ii and ozoin' is that 
tli(‘ nio]('cnl(' ot th<‘ formei' is nnnh' up oi two atoms, 
while that of ozone is imnh' u[) of thia'e, wldch are in 
a state of unstable (‘([uilihrium. iHiis ('Xplanation is 
h'acln'd through a, stmly of tin' s])('citic‘ gravity of tin' 
two gas('s. * At pr('S('id, no satisfactoiy explanation can 
h(' given of tin' dilli'ia'ina' In'twot'ii the vari('ti<'S of phos- 
thorns and b('t'V(‘('n tin' vaih'tii's of sulphur. It A\ili 
piohal)ly be shown tc b(‘ due t<> the ^\■aY in which tln^ 
atoms are gioipa'd togt'tln'r in tin' molecules, ami also 
to the way ii whicli the moh'cnh's aaa^ grouped together 
to loi’in the mass('s. (h-irbon, as we hav(' si'i'ii, occuis in 
tlii'i'c distinct forms It is dithcult to conceive that the 
^’tick, porous cliarcoal, and tin' dull, gray, soft gra]dnt(^ 
ate chemically idc'utical with the hard, traiis])arent, 
iti'ilh.nit diamond. Yet this is undoubh'dly the case, as 
onii 1)0 shown l)y a very sim])le experiment. Each of 
tlte substances when burm'd in oxygi'ii yields carbon 
dioxido, Now the com])osition of carbon dioxide is 
^'tiowig so that, ;vf the weight of the carbon dioxide 
^^jfiiiecl 111 a given experiment is known, the weight of the 
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carbon iii it is also known. AVlion a gram of pure c ii;;i 
coal is Inirned it yields grams carbon dioxide, ajcl in 
this (|nautity of carbon dioxide tlnnc' is contabied cx^ 
actly (me grain <>f ('arbon. k'urtlnn*, wlien a gram of 
graphite is bnriHMl the same weiglit (dj] gi'ams) of cjiiboji 
dioxide is obtaimal as in the case of cliarcoal ;* and tlu; 
sanui thing is true of diainoiid. It follows from tlioso 
facts that the tlirtH‘ forms of matter known as cliai^ 
coal, gi‘aphit(% and diamond consist only of the eleiumit 
carboji. ddie explanation ot‘ tlie ditfei.mct'. is not known, 
but, as ill tlie cas(‘s ol [)lios])horiis an 1 sulphur, it will 
jU'obably bi^ found to be in tin', dirtVnen. ways in wliirli 
tln^ atoms ar(‘ arrangml in tlie mol('cuh‘, and tlie niolr- 
cuh^s in th(k massi's. 

Xotwithstanding the marked dillercmces in tlndi a|i- 
pinirance and in many of their physical projiertii's, tln^ 
three forms of carbon liavi^, as w(^ have smm, sonu' proji- 
(ulies in (tommon. ddn^y are insolubh^ in all known 
liquids at ordinary tenqieratuinxs. dliey are tastckws. 
inodorous, and iiifusibhn When Innibul without accrs- 
of air they nmiain umdiangml, uidess tln‘ tmnpiu'atuo i^ 
V(*r\ high, wlnm tln^ diamond swdls up and is convmn'il 
into a mass in^smnhling (!ok(? — a change which is roii- 
luudcMl witii a rearraiigannent of the particles in an incjl- 
ular way, so that tln^ substancam cease to be crystailiiu', 
or Ix'c.ome anior[)hous. 

Chemical Conduct of Carbon. — At ordinary tenq (‘na- 
tures carbon is an inactive element. If it is left in contact 
with any one of the ehunents, no chemical change talaw; 
place. It will not combiiui with any of them unh'.ss tin' t('m- 
[nuature is raised. At higher temp(u*atures, hoxvevci , it 
combines with sinmral of theurxvitli great ease, (‘specially 
with oxygen. Under proper conditions it •combines also 
with nitrog(‘n, with hydrogen, with sulphur, and witl* 
many other (dements. It combines with oxygon ('id""'’ 
directly, as when it burns in the air or in oxygen ; o' 
abstracts oxygen from soin(‘. of the oxides. The (lio'"! 
(‘ombination of (axygen and carbon has already heen set " 
in the burning of charcoal in oxygen, and is familial t<) 
every one in the tire in a charcoal furnace. That c'*' 
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dioxide is tlie product formed can be shown by 
passing the gas tlirough lime-water or baryta-water, 
when insoluble calcium or barium carbonate will be 
tlnown down. The reason why Jiiiie-\vat(ir or baryta- 
water is used is simply that an insoluble compound is 
t'urmed, and this can be seen, and it can be separated 
from the li(piid and examined. The reaction which 
takes place is represented thus : 

Ca(OH), -f CO, = CaCO, + H,0; 

Oalciiim (.’aiboii 
bydroxHltt dioxide eaiboiiate 

Ba(OH), + GO, =:: BiiCO. +H,0. 

Barium Carbon Barium 
hydrox.de dioxide carboiiale 


No other common gas acts in this way on these solu- 
tions. Hence, wlieii, under ordinary circumstances, a 
giis is passed into liim^- water and an insoluble compound 
is Ibrmed, we may conclude tliat the gas is carl)on diox- 
ide, tliougli this conclusion may reipiife further proof. 

Tlie abstraction of oxygen from compounds by means 
of carbon may be illustrated in a number of ways. Thus, 
wlien powdered copper oxide, CuO, is mixed wdth pow'- 
Mercd cliarcoal, and the mixture heated in a tube, car- 
bon dioxide is given off, and can be detected as in the 
hist experiment mentioned. Co])]^er is hdt beliind, and, 
if the proporti(ms are properly seh'cted, all the carbon 
^^ ill pass off as carbon dioxide, and only the copper be 
loft behind : 


2CuO + 0 = 2Cu + C(\. 

Ill a similar way, avsenious oxjde, gives u]) its 

exygen to carbon. 'Jdiis fact furnishes indeed a delicate 
inotliod for the deteedion of the sul)stance. If a little 
is ]da.ced in the bottom of a small tube, and al)ove it a 
^'nall piece of charcoal, then when heat is applied the 
ms{nii()us oxide sublimes, and as its vapor ])asses the 
bt'ated charcoal the oxygen is abstracted, and the ele- 
I'O'nt arsenic, being also somewhat volatile, is deposited 
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Just above the cliarcoal in the form of a lustrous minor 
on the walls of the tube. The reaction is 

2 As ,03 +30=: 4As + 300,. 

As has already b(‘(‘n explained, the abstraction of oxy- 
gen from a compound is known as Tednction. Hoiko 
carbon is called a reducing agent. It is indeed the iv~ 
dncing agx'iit which is most (evtcmsively usetl iji tlu; aits. 
Its cldef use is in extracting metals from their oivs, 
which are the forms in which they occur in iiatuK'. 
Thus, iron does not occur in natnr<‘. as iron, l)nt in co'in- 
bination with other elements, es2)e(*ially xvith ox\g('ii. 
In order to get the metal the ore must l)e reduced, or, 
ill other words, the oxygxm must be extracted. This is 
invarial)ly accomplished by lieating it with some form 
of carbon, either coke or charcoal. 

The elements chlorine, oxygxm, nitrogen, and hydro- 
gen bdng gases, and the |)rodncts fornnal Avhen tln^ lirsi 
three cond)in(‘ witii hydrog<‘n being also gas(‘ous or coii- 
vertible into vapor, it is a com[)arativ(dy easy mattcu' to 
study the relations betwecm the volumes of the coiiihiii- 
ing gases and the volumes of the ])i’odncts formed. It is, 
liowever, impossible to dolermine the ratio betwecm tlio 
volume of carbon gas and tliat of other gasi^s with w hicdi* 
it eombin(3S. 

Compounds of Carbon with Hydrogen, or Hydrocarbons. 
Conditions under which Hydrocarbons are Formed. - 
the carbon ])en(Ils conmnled with a powinfnl ])attt'ry, 
as in the production of tlio electric arc-light, aie sin- 
rounded by an atmosphere of liydrogcni tlie two eleim iils 
combine to some exbmt to form the com[)ound acetyhsic, 
C,H,. When orgaidc matter undergoes decom position 
without free access of air, as for example under wati r, 
the carbon compounds are reduced to the final ])rodiu't 
kriown as marsli-gas or methane, Cil^, just as com|)ounds 
containing nitrogen yield ammonia. Compounds <1 
various metals with carbon, known as carbides, yield 
hydrocarbons, such as acetylene and marsh-gas, wln n 
treated with water. Tlie com])ounds which make iii> 
petroleum are hydrocarbons which have probably hoeu 
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formod, either by the action of water on metallic carbides 
ill tlie interior of tlio earth, or by ded)mposition of organic 
matter without free access of air. Finally, when wood 
or coal is lieated, hydrocarbons are givcm off, and com- 
poiimls of this kind are therefore contained in coal-gas. 

Number of Hydrocarbons.— The number of h} drocar- 
l)oi\s is very great, and new ones are constantly being 
made. The fact that earlaui is distinguished for th('. 
large number of its compounds has alrea<ly been men- 
tioned. Tlie simplest of tbese are the hydrocarbons. 
Jt is safe to say that tlu'.re are as many as two hnn- 
dred hydrocarbons known. Fortunately, however, most 
of tliese liave been found to bear comparatively simple 
I'fdations to one another, and therefore, though the 
iiuiid)or is larg(i aiul th(‘, varhdy great, tiieir study is not 
as <lillicult as one would be inclined to think. 

BviroJenm is an oily li(pud found in many places in the 
en,rtli in largo cpiantity, ;ui<l escapes wdien a cavity m 
winch it is contained is [lunctunMl. Tn the earth it 
contains both gast's and liipiids. Wlien it is brought 
into tlie ail* tiio gases and the licpiitls Avhich are vola- 
tile at the ordinary temperature are given off. There 
are several gases given off, and a large number of 
liipiids left behind. The simplest gas corresponds to 
tht^ formula (Tl,, the next to (’..If,, the m'xt to (\H^, the 
iii'xt to (1^1, 0 * examination of the li<(uid lias slunvii 

that it contains otluvr hydrocarbons of the formulas 
^ thill-) <dc. Tt will be seen that these 

compounds bear a simt)le relation to one another, as far 
'IS composition is concerned. Arranging' them in a series, 
Wio first eight members are 


CH,, iMethano, or Marsh-gas ; 

Fithane ; 

CgH^, Propane ; 

Butane ; 

Ikuitane ; 

Hexane; 

Heptane ; 

C„H„, Octane. 
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Homology, Homologous Series. — In tlie cahove sei it s tlip 
first ineinber (litters fl*om the second by CH^ ; and iJa iv 
is also this same dillerence between the second and 
third, the tliird and fourth, and in gemnal b('twc(‘]i any 
two consecutive members in the series. Tliis lelalion 
known as honiofogify and sucJi a series is known as an 
JiGnwIcMfonH ,s‘cr/V.s‘. (Carbon is distinguished from all 
other elements by its powm* to form homologous scai^s. 
Otlnu’ elements form similar series, but the homolo^v is 
not ot* the same kind as that which is met ^\ith aniojw 
carbon compounds, 'iriius tlu' series of chlorine acids, 
and the similar series of acids (d* nitrogen and sulplmi, 
are liomologous serh's, in which the constant dilletvjicc 
between any two consecutive members is represenled hv 


an atom of oxygen : 



HCIO 

n,.so. 

HNO 

HCdO, 

H,S(), 

UNO., 

mm\ 


HNO3. 

HClO, 




These series, are, however, much less extensive tlian tlie 
liomologous series of compounds of carbon. 

Cause of the Homology among Compounds of Carbon. - 
The explanation of the homology obsei-ved Indwi'mi 
compounds of carlion is founded on the view that caihoii 
is (piadri valent, and tliat it has tin' power to unites wild 
itself in chains. The (piadrivahmce is shown in the com- 
pounds CH,, (d(Jl„ CO,, eh;. When nia,rsli-gas, 

CH„ is treatcal with (dilorine the first product of thi' ac- 
tion is chlor-methane, (HhCd, whitdi according to 
])revailing views is marsh-gas in whose molecule one 
atom of liydrogen has been replaced by chlorine. Tdo 

11 

structure of tliis compound is represented thus, H-f ' ^ d 

11 
11 
d TI 

if that of marsh-gas is represented in this way, H-t h- 

if 
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wlien clilor-metliane is treated with sodium the 
eliloriuo is extracted, and a compound of the formula 
C,He formed : 

2CH,C1 + 2Na = C,H, + 2NaCl. 

It appears that, the chlorine l)ein^ extracted from the 
coinpouiKl, the residues of the composition CH, unite 
in paivs to form the compound whicli is ethane, or 

tlie second memher of the series of hydrocarbons above 
given. The simplest (‘xp)lanation of th(‘ facts stated is 
that tJie carbon atoms unite by means of tlie bonds or 
valences left free when tlui chhn'ine is extracted. The 
residues after the extraction of the chlorine may bo rep- 

H 

resented by the formula Avhen two of these 

H 

unite, the resulting compound will have the structures 

11 11 

ror)resented by the formula In a similar 

H k 

wav the relation between tlui other numibers of the 
series can be explained, and tln^ explanation is in perfect 
accordance with a hirge numl)er of facts. 

Other Series of Hydrocarbons. — Uesides the series above 
nanitioned, whicdi, as its sim])l(‘st membeu’ is marsh-gas, 
is known as the inarsh-tjiis seric.^j thei'e are other homolo- 
gous series of hydrocarbons. There is one beginiung 
with ethylene, or olehaiit gas, O^ll,, examphis of which 
are 

Ethylene, C,H, ; 

Propylene, (lylln ; 

Butylene, 0^11^. 

There is another beginning with acetylene, CjH,, ex- 
Q^inplea of which are 


• Acetylene, O.-H, ; 
Allyiene, C^H,. 
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Anotlier series begins with benzene, G^H,, Some ol 
the members of this series are 


Benzene, C„Hg ; 
Toluene, G,Hj ; 
Xyleue, 


Tliese are the hydrocarbons wliich are obtained from 
coal-tar. 

Tlie relations between these hydrocarbons ;ind tliose 
of the marsli-gas series have betni extensive! v stinli(‘il, 
ami a great deal of light lias bta'ii thrown upon the siil)- 
ject. It would, h()WOV(‘r, lead too tar to take up this 
subject here. A word may be said, however, in regard 
to tlie relations ladievtal to exist betwiani tlie Jiydiocar- 
lions of the etlpylene and tlm accdyltnn^ series, and tJioso 
of the marsli-gas series. It is Ixditna'd tliat in tdliyleiK* 
the t\vo carbon atoms are united in a dittertnit way fioni 
tliat in ethane. The condition, what(‘V(‘r it may be, is 
thought to be similar to that which exists in the moh'- 
cule of a compound (consisting of two bivalent atoms, 
as, for example, calcium oxide. The condition is call(Ml 
(loiil)le union, and it is ri'prescmtinl b)^ a doubhc line as 
in the formulas Oa-T), lf.Xl=(Tr„ etc. AVhatinau’ this 
condition may be, it carries with it the powei* to com- 
bine with other atoms. Thus, wlnm ethylene is treatf d 
with chlorine it takers up two atoms, and is convinted 
into dichlorethane, OTb( -1.^, tln^ double union being de- 
stroyed and single union existing in the resulting com- 
j)ound as in (‘thane. So also, when calcium oxide, 
Ca— O, is treated with water, it is converted into the hy- 
droxide, in whicli the condition of double union docs not 
exist : 


Ca 

II 

O 

CH, 

II 

CH, 


+ 


OH 

I 

H 


Ca-OH 
— I ) 

OH 


Cl 

I 

Cl 


+ I , - 


_ CH,C1 
” CH,C1 


Similar reasons have led to the conclusion that m 
acetylene, C^Hg, the carbon atoms are held together m 
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a tliffereiit way from that iu ethane, and that in ethy- 
ls, no. This is believed to be similar to the kind of union 
which ex-ists in a molecule consisting of two trivalent 
atoms, as in the compound boron nitride, BzeN, a con- 
(litiou which is called triple union or triple linkage. This 
view is expressed by the formula HC^CH. Wherever 
this condition exists we find the power to take up four 
univalent atoms, the compound thus becoming saturated, 
as we say. Thus, acetylene can take up four atoms of 
chlorine, or two of hydrogen and two of clilorine, form- 
ing ill the former case tetra-chlor-ethane, and in the latter 
di-chlor-ethane : 

1IC=CH + 4C1 = C1,HC-CHC1,(C,H,C1,) ; 

iic-cyii mcl =. c\ii,c-CH,cKc,ii,ci,). 

Marsh-gas, Methane, Fire-damp, CH 4 . — Marsh-gas is 
found iu nature in petiadeiim, and is given off wheii the 
oil is taken out of the earth and the pressman removml. 
It is formed, as the name implies, in marshes, as the 
jiroduct of a reducing process. Vegetable matter is com- 
posed essentially of carbon, hydrogen, and oxygen. 
Wlu ‘11 it undergoes decomposition in the air in a free 
su[)ply of oxygen, the final products formed are carbon 
dioxide and water. When the detumiposition takes 
place without access of oxygen, as under water, marsh- 
}^n,s, Avhich is a redmtion-product, is formed. The gas 
<‘'>11 he made in the laboratory by passiiig a mixture' of 
hyd logon sulphide and tlie vapor of carbon disul])hide 
ever heated copper, and also by the action of water on 
several metallic carbides, more especially aluminium 
carbide, 0^1, : 

C,Ab + 1‘2H,() =: 3(U1, 4- 4A1(0H),. 

The gaa ig met with in coal-mines, and is known to 
the miners as fire-dartij), dam}) being the general name 
‘"^ppliiul to a gas, and the name tire-dam}) moaning a gas 
bed burns. To }Are})are it in the lahoratorv it is most 
ceiivonient to heat a mixture of sodium acetate aud 
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quiclv-liine. Tlio cluinge wliic-li takes place will be most 
readily understood by regarding it as a simple decom. 
position (d' acetic acid. Acetic acid lias the I'oniriil;^ 
CbH^O,. AVlien heated alone it boils, end does not snOVr 
decomposition. If it is converted into a salt, and h(\‘il('(l 
in the presence of a base, it lireaks down into marsh-g.m 
and carbon dioxide : 

0 CH, + CO,. 

The carbon dioxide, which with bases forms salts, doc s 
not pass oll‘, tmt remains ladiind in the form of a salt of 
carlionic acid. 

Marsh-gas is a colorless, transparent, tasteh^ss, inodor- 
ous gas. It is sliglitly solnbh' in water, and binns, 
forming carbon dioxich' and watmx A\ Inm mixed Avilli 
air th(^ mixture* exphxh's if a llanu' or spark conu's in 
contact with it. 'bids is one* of tin* cause's of the* exjilo- 
sie)ns which so frcepuuitly occur in ce)al-mine‘s. d’o pic- 
vent tlu'se' ('Xplosieeiis a. special lamj) was inve'iite'el by Sir 
Humphry Davy, wliiedi is kmnvn as tlie* .su/<7//-/(0/qe. Tlir 
simple priuedph's involve'el in its construction will he' e'x- 
plaiiuMl when tlie subj(*ct of /Aoz/c is take'ii u[). 

* Ethylene, Olefiant Gas, C.-H..— d Ids . yelrocaiboii is 
formed bv heating a, mixture of orelinary alce)liol and 
camcentrated sulphnric aciel. 'The* ri'action is rcpie'se nte d 
thus : 

11,0 -1 C JT,. 

Alcohol Ethyl**eie 

Ethylene is a colorless gas, which can be condense d to 
a liepdel. Ft burns xvith a luminous flame, and loriiis an 
explosive mixture with oxygen. 

Acetylene, C-.H-..-- Ace'tyle'iu* is fornu'd whi'ii a e uro id 
of hydreigen is passed be'tween carbon poles, wldedi ao‘ 
incandescent in cons«‘(|ne‘nce of the jiassage of a pie\ci- 
ful electrie! curre'iit. Tn this case carl )e >11 and hyelo'g* ’' 
combine direictly. Tt is formed also wIk'ti the flame <>1 
an ordinary laboratrmy gas-burner (Dunsen buin'O 
“strikes back,” or burns at the, base without a fo'e* sap 
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ply of air. It is most easily obtained by treatin'^ certain 
metallic carbides, especially calcium carbide, ^vitli water : 

C,Ca + H,0 = 4^ CaO. 

Its odor is unpleasant. It burns with a luminous, 
smoky flame. 

Simpler Compounds of Carbon with the Members of the 
Chlorine Group.— -When chlorine acts u})on a liydrocar- 
1)011 it j^enerally tak(‘s the place of the hydrogen, atom 
for atom. Thus, when it acts uj)on marsh-gas, the 
following reactions take place ; 

CH, 1 ('I ^ (Tl,Cl +HC1; 

CH,01 I- Cl HCl ; 

Clld'l.-i- Cl C'HCl I HCl; 

CH('l, I- Cl, ^ C('l i-llCl 

Tin’s four |)roducts ar(‘ known respeetiviO v as mono-cldor- 
ttirfhtUK’, (1 l-vhJor- met h<i t(i\ t n-i'ldor-im t Inf and t<:t rn-cldor- 

ov C(ft'hn)i (cf )Uf(‘Jd<u'i(l(\ l>v treating tlu'sc' coin- 
])ouinls with nascmit liydrogiui tlu'V can all lu* coiimu'ted 
hack again into marsh-gas. ’^Fln' fact that tln.‘ hydrogen 
ill marsh-gas can be r(‘[)laced in four stc'ps, one lourth 
of tlu‘, hydrogen Inung ri'placaMl at eacli ste]>, furnislies a 
sli’ong contirmation of tln^ coiaa'ctness of the yiew ex- 
]ir(‘ss('d by the formula (Tf,, whi(‘h signitiim that in the 
iiioh'c'uh^ of marsh-gas there are four atoms of hydrogen, 
file most important of tln^. four compounds is the third, 
b i-chlor-methane nr c/dori^fonti. \\ Idle chloroform (‘an 
he made by treating marsh-gas with chlorine, it is much 
eior(‘ easily obtained in otlnu’ ways, as, for example, by 
ti'eating alcohol or acetone with bleaching-]mwaler. 

ithoiit a study of the relations which exist between 
i^everal ehissi's of compounds of carbon these reactions 
‘‘ imiot w ell be ex])laim*d, and their study, as w ell as that 
"I chloroform, had better be ])ostponed until the subject 
"I Crgaidc Chemistry is taken up systematically. Cor- 
to chloroform there are bromine and icalino 
'f'l ivatives, known as hromoform, CHBr^, and iodoform^ 
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SIMPLER COMPOUNDS OF CWIUON WITH OXYGEN, AND 
WITH OXYGEN AND llYDKOCiEN. 


General. — The liiial ])i(>cluet of oxidation of caiLoii is 
eail)on dioxide, and tlie Jinal product of r»Mlucti<)ii is 
inarsli-gas, hut hetwcM'ii tlu^se two limits tlnnc; ait' ,i 
uuniher of intert‘stin<^‘ dcnivalives, just as tlu'ri' aic ;i 
nuinhei' oC com[)oundsof sulphur lad wet'ii hvdrom>ii sul- 
phide and sulplinric acid; a niindau' of coni[)ounds oi 
nitro<^(‘n lietwi.a'ii aininonia and nitiic acid ; and a nuiiihi i' 
of conipounds of ])lios[)liorus ladwtaui ])hospliiiic .‘iin. 
phosphoric aci<h A\ (‘ liav(‘ setm tliat in tlu' cast's incii 
'ioned two kinds of cliant;t' ait' lnou,^lit about ])V oxitki- 
tioii : (1) (Iwin^i;’ to tin' fact tliat tla* vahmee of clilo- 
vine, sul[)liur, nitrop;<‘n, and phosplitii’us towards oxv-ut ii 
is ^rt'att'i* tlian towards li \(1 i‘ot;(‘n, tin' act oi oxidation 
involves the addition of ox 3 '^(*u to the element; (‘2) liy- 
droxvl a[)pears to takti tin' plane of the hjdroj^en atoms 
OIK' ])N' oiui. In tin; ease of carbon, the valeiu^e towards 
hvdro,L;t‘U ami ox);_^n'n l>cin^ the same, only tlui latU'r 
kind of cdian^ti takes place. 

Relations between the Compounds of Carbon with Hy- 
drogen and Oxygon. — In onh'r that the relations ladwcmi 
the simjilej’ compounds of carbon with liydrogc'ii ami 
oxv^tm may be mad(^ clear, it will lie of assistance to 
<'oFn])a7a‘ th(‘ oxidatie)n of hy»lrog(‘n sidpldde, aninionia, 
l)h os])hin<', and metliane. Tn the cast's of hydrogen siil- 
])hid(' and ammonia tlie oxidation appears to take I'lace 
as re])r('sejited below: 


8 



TTyarnpHn 

Siilpliide 


(;i76) 



Unk»iown 


osjen 


Snlplmrous 

add 


( OTT . 
( OH ’ 

Sulphuric 

acid 


0,8 
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N 


{ 


K 

H. 

H 


( OH 

IS! ■ 


( OH 

( OH 

( OH 

loH, 

N-^ OH, 

0N-{ OH 

(h 

( (JH 

( OH 


A^niHiouia 


Hydroxyl- 

amine 


Ylehlx hypo- Yields nif rous Yields nitric 
nilroua acid acid acid 


Tlu‘ last tliree products, if foruHnl, V)roak down, losinj^ 
water, and forming rt^spc.ctivcl y li v\)<>nilrous, nitrons, and 
nitric acids. The cliang(‘ to liy ponitrous acid docs not 
a[)[uair to bo of an altogtdln'r sim[il(‘ kimi. cliangcs 

to nitrous and nitric^ acids, liowtooM-, ar<‘ a])])arcntly of a 
Idial wliicli \vc art' constantI\ nitadiiig witli, as lias al- 
readv lit'cii [lointcd out (soo p[). -litjr)). 

It is [lossiblt^ tliat tlu' cliaiigt's involvt'd in tlio gradual 
oxidation of aiiiiuonia. takt* ])laco primarily just as in tlie 
oxidation of snl])1inr, flit' nitrogt'ii tirst bt't’oming satu- 
ratt'd. According to this vit'w tlio changes should bo 


K'prc 

'soiiteil us 

follows : 





(TI 

( u 1 

[ OH 

( < >TI 1 

: OH 

N 

- H , ON 

\ H , ON. 

H , ON- 

OH, ONs 

OH 


(ll 

11 1 

[h 

(h I 

i OH 


If nitrous acid wcu'o fornnal by the breaking down of 

i Oil 

the compound ON ()H , its structure would probably 

(h 


I o 

I'f“ (lint ro])i'osoiito(I l)v tlu> fornml.i N- O, or 0,XH, 

■ (h 

tlic hydrogen being in combination with nitrogtui and ind 
with oxyg(ui. SoiiK' facts smun to sliow tliat this view is 
l>i'ol)abh'. AVhile tlu'se changr's cannot be' tollowi'il very 
^'<11 in the t*aso of the compounds of nitrogen, and tln'ie 
tlu'refore, consid(‘ra.bh‘ sjK'culation in w hat has just 
^><‘^'11 said regarding tlnuu, the cas(‘ of phosphorus is miudi 
‘b arer, as has already Ihmui shown. Ib'iX', starting with 
phosphine, the changes are apparently correctly repre- 
^‘'>><ed l)y the following formulas : 
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( H 1 

[H 1 

[OH 1 

[OH 1 

[ OH 

Si 

c 

hj 

H, OP^ 

H , OP. 

OH , OP . 

OH 

(U 1 

iH 1 

[h I 

|h I 

[ OH 


rhosphine Unknown Hypophosphor- Phospljorous PhoKpIjoric 
‘ ous acid acid acid 


With iiietliaiio tlie ch:iiifj;es effected by oxidation are 
apparently perfectly analoj^'oiis to those considered. W o 
should expect to lind the following: 



fH 


HI 


rii 


-H 

c 

H 

11’ 

c 

11 

H ’ 

c 

H 

OH’ 

c 

OH, pi 
OH’ 

1 

11 


[ Oil 


()H 


[oh ( 


1 


2 


3 


4 


OH 

OH 

OH* 

OH 

5 


Hut the tendency of tlie compounds containing twr 
hydroxyl groups to break down, yi('lding water as one of 
the products, is as luarked as in tlie compounds of nitro- 
gen. (^>nst.Mple^tly the ])roducts »!, 4, and 5 do not exist 
in the freci stat(‘. 44i(^y break down as representeil in 
the following ecpiations : 


c 


rn 

If 

OH 

OH 


c 


H 

H 

O 


+ H,0; 


C 


rii 

OH 

OH 

OH 


C^O + n.O; 

OH 


OH 

OH 

OH 

OH 



2H,0. 


The products actually obtained, therefore, are 

follow ; 
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■ fH 

H’ 

LH 

fH 

o H , 

OH 

(H 

H. 

|o 

cm , 

( OH 

ob 

Q 

Methane < 

Methyl 

Formic 

Formic 

Carbon 

alcohol 

aldehyde 

acid 

dioxide 


I3j oxidation of formic acid we should expect the for- 
^ OH 

inatiou of a product, 0 ■% ( ) . AVhile this is not known, 

( OH 

salts of an acid of this composition are known. It is 
ordinary carbonic; acid, wliicli when set free brc'aks down 
into carbon dioxide and water. 

It will 1)0 seen f>’om tlie above considcrjition;; that < 
tlicne is a gmun’al analogy between the cliaiigc's which 
take places in passing by oxidation from tlio lowest re- 
duction-products of the (dements to their highest oxida- 
lioji-producds. 

The intermediate stages have been studied with special 
care in the case of carbon ; the intenanediate products rep- 
rcsciit (dassos of com[)ounds v hich ai’c; not met with among 
aiiv derivative's of the other eh'inents. The intermc'diate 
pri)(bud,s in the cascc of sul])hur and ])hos])horus are all 
Hcitls. One of tlie intc'rnu'diate products in the case of 
iiiti’og('ig liydroxylamine, is basic;, while the rest are acid. 
The tirst oxidatic ai-prodmd of marsh-gas, utrlhi/I alcohol ^ 
Oil, OH, is somewhat basic, but in some respects ditlers 
from ordimiry bases. It is tin' simplest re])resentativG 
ef a, great class of compounds of carbon known as alco^ 
of whicdi our ordinary alcolnd, or spirits of wine, is 
the best known example. The next pnaluct, or forunc 
ulilchfide^ whicdi has the structure re])resented by the 
(H 

htriniila C -( H or H,C=0, is the simplest representative 

. (O 

of another great class of compounds of carbon known as 
^^(Ichydes. The aldehydes are neither acid nor basic, but 
ii-re easily converted into acids by oxidation, and into bases 
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by reduction. The third oxidation-product of the fo iin n la 


C 


H 

OH or 
O 


H 

0 ~C is the simplest re})resentative of a 
(HI 


great class of carbon compouiuls known as the ortjdiiir 
aciifs. It is called /b/‘//o’c acid. It would lead too far to 
pursue this subjr.u-t now. The relations rcd’ern^d to air 
stiuli('d under tlu^ head of ()rgani(t (dnunistry, or iho 
C’heudstry of the Compounds of (hu’boii. Only tin* sim- 
plest oxyg(Mi com[)ounds will b(‘ taloui U]) Inuu'. 

Carbon Dioxide, CO.'.- d’he p]*iiici[)al com])onnd of ( ar- 
1)011 and ox\ g('U is eai])on dioxidcy ( '()., comnioidy known 
as ('(trhonic aval (/as. 1 nder tiu' head of Tlu' Aii’ atten- 

tion was called to the fact that this gas is a constant ( ( n- 
stituent of the air, though its ladativi^ (piantity is small 
about 3 parts in 1(),01H). It issiu's from the, earth in maiiv 
placets, particularly in th(‘ mughborhood of volcanoes, 
l^lany mineial waters contain it in large ([iiantity, promi- 
neiit among whi(‘h art* tin* watei s of Ib rniont, Seltins, ami 
the Oeyser S})ring of Saratoga. In small (piantity it is 
pr(m(mt in all natura,! wati'is. In combination with ha>-iS 
it occurs in enormous (plant it iivs, })articnlarly in tin* tbi in 
of cahdum carbonate*, (’aC( ) ,, vari(‘li(‘S ol whicli ;iie 
ordinary linn'stone, dial k, marhh*, and calc-i.par. holo- 
]iiit(‘, which forms mountain-rang(*s, Ix'ing ]iart ieiilai ly 
abundant in the Swiss Al])s, is a com[)ound containing 
calcium carbonates and magm*sium carbonate*, ^Igt 

Carbon dioxidei is constantly f()rnn*d in many natiiml 
processes. Thus, all animals that brt'athe* in the* aii nO'' 
otV carbon dioxide' from tln^ lungs. Idiat the gas(‘s Iron; 
the lungs contain carbon dioxide* e‘an e*asily be* shown h\ 
])assing them througli lime*-wate‘r, wlie'ii a pie'.cipitatc cl 
calcium eairbonate^ is fo»-m(*d. 

Idiat eairbon dioxieh' is formed in the combust i< ni cl 
chare^oal and wood has alnaidy be'en shown. In a simikn 
way it can be* shown that the' gas is formeel whe*n<‘'*‘* 
of our orelinary combustil)h; substance's are' hnrnm- 
From our tires, as from our lungs, and from the lutny^ 
all animals, then, carbon dioxide is constantly give n <> 
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l^iU'fcliev, tlio natural procossosof doeay of both vef^etal)lo 
and animal matter tend to convert tlie carbon of this 
matter into carbon dioxide, Avliicli then tinds its way 
inincipally into tlu^ air. Tlie process of alcoholic fer- 
immtation, and some other similar })rocesses, also give 
rise to the formation of carbon dioxide. In all fruit- 
jniees tlnu'e is contained suga.r. \\ Inm the fruits ripen, 
tall to the earth, and umhu-go spontamMins change', the 
sugar is converted into alcolnd and carboji dioxide. We 
see, thus, that tlnu'e are many im[)ortant sources of 
supply of carbon dioxide, and it will lx* readily umh'r- 
stood why tin' gas should Ix' found ('vervwher<' iir the air. 

Preparation. — Pln^ ('asiest way to get caibon dioxide 
not inixiul xvith otln'i* suhstances is by adding an acid to 
;i salt of carbonic acid oi* a. <'arbonat('. In the (h'coinpo- 
sition of tin' carbonati's by otlnsr acids we see exenpditied 
the same ])rincipli* as that wliich is involv('d in st'lting 
iiitih* acid free from a nitrat(', or h\-dro(*ldoric acid fi‘om 
soiliuni chloride by sul))huric acid, and more particularly 
in the liheratioii of sulphur dioxide from a sul|)hite. 
Ill all tln'se cases the products are volatih', and there- 
fer(', when a non-volatih^ a.cid is add(*d to tln^ salts, 
<leeoiu])()sition takes plac('. Sulphite's do not yield tin* 
C()rr(‘Sj)onding acid, but this breaks down into water and 
the anhydride : 

i 2NaN0 -1^ 11,80, = Na,S0, + 2HN0, ; 

\ 2NaCl ' 4- H,S0, ^ ]Sa,S0, + 2HC1. 

( Na,,S03 + -= Na..S(), + H^SO, ; 

( 11,80, :::= 80, [- H,0. 

j Na CM), + TT.,SO, Na„SO, f H^CO, ; 

( 11,00, CO, 4- H,0. 

Any aedd which is not volatile at the ordinary tempera- 
tun; will decomj)ose a carbonate and cause an evolution 
<‘arbon dioxide. The action between sodium carbon- 
and hydrochloric acid is represented in this way ; 

Na,C0. + 2HCI 2NaCl [- CO, 4- H,0 ; 
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that behveen nitric acid and sodium carhoii.tt*' in (]|[^ 
Avaj : 

Na/X)^ f - 2NaN03 + CO, + H,(), 

For the |)ur|iosc of i)r('paring carbon dioxide in dm 
lalanatorv, calcium carbonabs in tlu' form of 
limestone, ami h ydrocliloi’ic acid art' commoiilv used. 
Tlic reaction involved is r(‘])r(‘s<'nt('(l thus: 

CaCO, -1 2Hi \ r::: ( uCI, -j- CO, -(- 11,0. 

Tilt' a|)^)aratns nst'd is tin' sane' as tliat list'd in mnl^inn 
jjydro^^t'ii from zinc ainl sul}diuric acid. As the uns is 
stnm'wliat solnhh* in watt'r, it is lu'st lor oi'dinar\ piii- 
])ost'S t<'> collect it b\- disjilaceiiH'nt of a i)', tlx' vessel ht iiiL; 
j)lac('d ^\ itli t he month iijovard, as the i^as is consi(l(‘i'ai»lv 
in'aviei' than air. 

Properties.- ('ai'boii di(»\id(' is a colorh'ss e.as at oi- 
dinary temperatures. When snltjreled to a low teiiijn i:!' 
tui‘(' and hi'uh pressure it is con \ ('I't ('d into a liijiiid. 
,Li<piid carhon dioxide is now maiinfact ma d on tlu' lai'ui' 
sc'ale for use as a tiia'-extin^nisher, and for tin' piirpest' 
of ehai'gilii;' li([nids with the ;^as. hen soiin' of tlit' 
]i(piid is ('\[»os(‘d to tin* air ('\apoi’ati(Ui takes piact' so 
rapidh that a ^leat deal of he.it is absorhi'd, ami sonic 
of tin* lipiiid liecomes solid. 'I'he ^as has a, slight] \ acid 
taste and snn-11. It is not combust ihh*, noi‘ doi'S it sim- 
pori (’(uiibustion. Jt is not combustible, for tin' s.iiiir 
reason that wati'r is not: becansi* it abi'ady Indds la 
combiimtion all the oxv^aai it lias the powa'r to coinlaiic 
with. Ilefoia* it (‘an burn a^ain it must tirst bc' dt coin- 
pos«‘d. As i(‘oai‘ds tin* stat('nn*nt that it (lo('s not sui'p'if 
combustion, it should lx* la'.marki'd that this is onl\ o 
tivelv time, ddii' compound (hx'S not easily "k 

oxy<^i‘n, but to some substanci's it does ^iv(* it ii]'. 
some sucli siibstanc(‘s burn in it. For exam})h', tin ' X' 
nient potassium, which, as \v<^ liavo si'cn, lias tin* j owi'i 
to decompose wati'r, has also the powmr to (h'coin 
carbon dioxide if lieated in it to a sutrich'ntly hiph 
perature, and wlieii the decomposition once Ix'pii' s 
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.o^.eo(ls with brilliancy, the act boiii«^ accDinpaiiictl liy 
evolution of heat and light, (’arbon dioxiih' 
is Tiuic h lieavier than air, its specific gravity being 
\lit('r of the gas und(‘r standard conditions of teiiipera- 
tiiiv Mild pressure \v(‘ighs 1.977 grams. It dissolv(‘s in 
watrr, o!ie volume of wat('r dissolving about om^ voluim* 
of tlie gas at tin* ordinary t(Mnpcratun*. As is th(‘ cas( 
^vitll all gases, wlnni th(‘ pr(‘ssur(‘ is incrcas(Ml the water 
(lissolvt's more gas, and wlnm the pressure is rmnovtal 
flit' gas again es<-apes. ddie so-calh‘d “ soda-water” is 
siinplv wat(U’ (diarg(‘d with <*arl)(>n tlioxide under pressure, 
I'lio osca]n' of tlu‘ gas when tlu' wattu’ is drawn is famil- 
ial' lo everv oinn d’ln^ nann* soda-wat(U‘ has its origin in 
lilt' f:i(*t that the carl»on dioxide used in (diarging the 
walor is frequently made from ])rimarv or acid sodium 
♦■arhoiiate, NalfCOj, whiidi is also calhal soda or hicar- 
hoiiate of soda. 

Relations of Carbon Dioxide to Chemical Energy. - 
i’ai'hoii has ilie ])ower to couihino with oxvgiui, and in so 
•Iniiig :t (h'tinit(‘ (piantit\ of heat is e\(dv(‘d. A kilogram 
of lavhou represtuits a eiutain quantitv of (dieniic.d 
riioi'gv, whhdi wi' can get from it lirst in the form of iieat, 
and hv transformati(Ui, in (»tl>er forms of emargy, as mo- 
fioii, el('ct ric'al emagy, idc. After th(‘ kilogram of carbt)n 
lias he(m liunu'd it m* kmger represents the energy it 
<li'l ill the form of caidxm. A body of watm* elevated 
ton or rift(am had lepn'seiits a emdain (piantity of eiuu’gy 
'^'liioli can b(‘ obtained b\ allowing tlu' wat('r to fall upon 
dio paddles of a water-wheid conmaded with th(‘ nnndiin- 
*'''v ot a uiill. After tlu* wati'r has falhm, howenau', it no 
^"iieei- has the jiowiu' to do work, oi' it has none of the 
*'’>oig\ whi(di it poss(‘ss(‘d bv virtiu' of its ])osition. In 
"'dl l that it may again do work it must again lx* liftml. 

^oo, ill order that the carbon in carbon dioxidi' may 
"g'liii d() work tin' compound must la' decomposed. 
Respiration.- It was statc'd above that caibon dioxide 
given off from tln^ lungs just as it is from a fire. It is 
'' '^ islt^-prodind. of tin' })i’oc«‘sses taking ]dace in the aid- 
body. fJust as it cannot su]>j>ort combustion, so also 
' III not support respiration. It is not poisonous any 
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,n.n-e than water is ; l.ut it is not able to supply tl,e „x v. 

.on whi.h is ueo.le<l for breath, nj4 purpos.-s, a, at 
i mats .iio when phusal in ,t. They .l.e by snfloe, 

; : vnuuh as they ,lo in .lrown.n^^ Any eons lerahh 
.. ease in tl.e qnantity of .-arbon .boxnh- ,n tl- a, : ,„v,. 

nt whieh is norn.ally present .s <,bjeetn>nab)e, h,, e 
:;:;;L.4,..Utae.;reasest;n,-r.^ 

air.U has bee., fon-m that as ,,n.,h 

ness, I ti., a. 1 , i„ ,1ni. not to the caiiHiii 

'r''''Tl bu'uar.'i'lV't.^ ..ther waste-pro.bicts whicl, aie 
a.oMae, but l.ii„ . i.roeess of breathni,', 

ot 

'nit> <^:isos i^iv(‘ii oil iloiii MH. iuii„ ,;Lxcflu.v.P 

...a epo; py;;; 



irth.ns fro.n tin. lun.es. As earbon 
iron, the tunes at the same tnue, the 1 

,n,s prese,,t pnapn.r^ 

... i- 

to whether the air of a room oeenpiml In l.nma 

is lit for use or not. ...fb wln>rev.T an 

As earbon .lioxibe. is fornual ...the ea.th « . ^ 

nm.l solution eo.m.s in .-.mtaet with a ' ,, js 

is fre.iue..tly «ive.. olV f.-ou, hssu,-es U.e • 

benee not nnfreHuently fon.nl '' 7 '; ,.:„ne.l 

liee.i in use for some time, ami ' < a ^ ,.,,naii i"!t 

by descemlinK these welts lor ne o’), in mines. 

im. The «as is also f.-,..,uent!y met -.J ,,,, 

is called choke-ilamp by the mimus. i 
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jw' M’o that after an explosion caused by fire-damp tliero 
IS (lan^'er of deatli from choke-damp. Tlie reason of the 
|)R‘St"iH‘0 of this j^as after an explosion is sim])le. When 
or marsli-^as, (^xj)lodcs witli air the carbon is 
oxrli/ed to choke-damp, or carbon dioxide, and the hy- 
('lioocii to ^vater. Air in ^vhich a caudle will not burn 
is i\()t lit for breathin<^ purposes. 

Carbon Dioxide and Life. — The role played by carl)on 
dioxide in nature is extremely important and interesting. 
llu‘ carl)on contained in living tilings is obtained from 
ciu'hon dioxide, and generally returns to this form when 
life ceases. We have seen that all living things contain 
cjirbon as an essential const itinmt. Whence comes this 
i-arl)on? Animals (‘at eithm* the ])roducts of plant-life 
(»r other animals which d(‘riv(‘ their siisteiiance from the 
vogi'tahle Ivingdom. Tdi(‘ food of animals comes, then, 
oitli(‘r directly or indirectly from i)lants. Ihit plants 
d(Miv(‘ their sustmianci^ larg(‘ly from the carbon dioxide 
of the jdr. The plants have tin' power to decom[)ose the 
^as with the aid of tin' direct light of the sun, and they 
tlipii build u]) tin'! complex com]>ounds of carbon which 
form tln'ir tissiu's, using for this purpose the carbon of 
llio carbon dioxide which tln'V di'compose. ]Many of 
tlicse coinpouinls art' lit for food for animals; that is to 
say, th 'vare of such composition that (In'torci's at work 
ill tln^ iinimal Ixalv are capalde (T’ transforming them 
ii’.h) aiuiual tissin s, or of oxidizing tln'iii, a,nd thus kee]i- 
iiig tln^ t('mp('ratur(' of tin' body u]) to tin' nei'essary 
I'niiit. That part of the food which uinh'rgoes oxidation 
ill till' bodv ])lavs tin' sann' part as fut'l in a stovi'. It is 
hill iM'd up with an evolution of heat, tin' carbon Ix'ing 
r‘>iiv(-ited int(a carbon dioxiih', wliich is given otf from 
the lungs. Trom tiix's and from living animals carbon 
'linNKha is retunn'd to tlie air, where it again s»u-v('s as 
fe»)(l Inr plants. AVln'ii the lib' process stops in the ani- 
er the ])lant, d('com])(^sition Ix'gins ; and the liiial 
b'sult of this, under ordinary circumstances, is the con- 
^t'lsiou of the carbon into the dioxide. 

buorgy Stored up in Plants. — It will thus bo seen that 
tbiiler the intluence of life and sunlight carbon dioxide is 
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constantly being converted into coini)onnds coiif.iijiiu,, 
carbon vliicli are stored iij) in tlie plant. Tln sc cu],. 
pounds are capable of l>urning, and thus giving lusif; or 
some of them may bt' ustal as food by animals, wIk h tlioy 
assume other forms under th(‘ intluence ot tln^ lif('-|)r()(('ss 
of the animals. As long as lifr* continues, plants and 
nnimals are stmehouses ot (‘inu’gy. When (h'atli occuts, 
the carbon compounds Ix^giu to pass back to tin* Ibrin of 
carbon dioxide, and the chemical (uiergy is transforiiK d 
partly into heat, and is thus, as we say, dissipated. Tlia 
power to do work, which tin' carbon com]>ounds of jdanfs 
and animals poss('ss, comes from tin' In'at ol tin- sun. 
It takes a certain (piaid.ity of this In'at, operating ninloi 
prop('r conditions, to decom[)os<‘ a certaiji (juantity of 
carbon dioxide', ainl (daborate tin' com]>ounds ea )ntaiii('(l 
in tin.' plants. When these (‘ompounds art' buriu'd tlioy 
<dve out the In'at which was al)Soi“b('d in tln'ii* toi'inatieii 
during the growth of tin' jdants. ddiese compounds an* 
said to possess chemical ein'rgy. d his has its origin in 
lieat, and is capable of leconversion into heat. Tim 
trausfoi’inatioii of the ('lU'rgy of tin' sun s In'at into cln'ini- 
cal ('nergv lies at the foundation ol all lib'. As tin* la nt 
of the sun acting U[)ou tin' gr<*at bodii's ot wat»‘r and cii 
tlni air gives rise' to tin' movenn'iits of water whicli am 
se) essential to tin' t'xiste'Uce ot the woi ld as it is, so lln‘ 
action of the sun’s rays on cai’bon dioxide', undei tin* 
intbie'ne*e^ e)f the d('lie*at«' anel inexplie*able^ me'.chaiiisni ni 
the* le*af of the* jelaid, give'S rise to those* change's in llir 
forms of combination of the*, e'le'me'ut carbon which .n - 
C(^nil)anv anel are^ fundame'iital to the; we)]iden’tnl pioics^ 
e)f life. 

Carbonic Acid and Carbonates.— A\ lieu carbein elio\id( 
is ])asse'el into wate.*r the* se>lution has a slightly acid n 
action. The solutie)n will ae-t upon base's anel form salt>. 
The', formula of the; sodium salt tornn'el in this NNa\ h.m 
been shown to be; Na,/’()3; that eif the potassium ^--'h, 
K,CO, ; e'tc. These salts are ])lainly eleriveel frein an 
acid, which is calle;el carbe)nic aciel. It is * 

able that this aciel is cemtained in the seilution eif eatheu 
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dioxide in water. It is, however, so unstable that it 
breaks up into carbon dioxide and -vvater ; 

H,CO,rrCO, + HA 

The formation of a salt by tlie action of carbon di- 
oxide on a base takes place as sliown in the following 

equations : 

2KOH + CO, = K,( O, + n,0 ; 

Ca((JH), b CO, := CaC 03 H.p. 

With the acid the action would take place as represented 
thus : 


2K()H f H,CO, = , + 211,0 ; 

CatOli), + 11,C(), CaCO, -j- 2H,0. 

Tliore is q)erfect analogy lad ween the action of carbon 
dioxide and that of sulpliur dioxide on basic solutions. 
AVitli potassimn liydfoxide and calcium hydroxide, sul- 
])lmr dioxide acts as represented in the following equa- 
tions : 


2K0H + SO, ^ K,SO, + H,0 ; 
CaiOH), -f SO, CaSO, 11,0. 


Tlio products formed are sulphites or salts of sulphur- 
mis acid. 


lake sulphurous acid, carlnmic acid is dibasic, and 
t'U iiis two series of salts, tlie priiiKU'}/ ami .Vf'coadorv/, 
ei’ the (fcid and nornnil sdOs. d'he primary i)r acid salts 
have the general formula HMCO^, and the secondary or 
’>"1 Iliad salts have tin' gi'in'ral formula Exam- 

[d' s of the former are J I KtH),, HNhiCO,, CaIE(C(),\, 

. ; and of the latter K,(T),,, Na,CO,, CaCO,, BatT),, 
^‘h’. It also readily forms basic salts, as, for exam])le, 
hasie coj)per carbonate. Neutral copper carbonate is to 
kc 1 ‘garded as formed by the action of one molecule of 
lh<' dibasic carbonic acid upon one molecule of the di- 
'^id copper hydroxide, Cu(()H), : 
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OC<J]g + HO>^'* "" + 2HA 


One of the simplest basic carbonates of copper is that 
formed by the action of two molecules of co2)2)er hydrox- 
ide ujjon one molecule of carl)onic acid : 


0 C< 


Oil 

OH 


, (HO)Cii(OH) 
(li())Ou(OH) 


0(J < 


OCuOH 

OOuOH 


+ 2H/). 


Another basic salt of more complicated compositi«)ii is 
that of magnesium. It is to be regarded as derived from 
carbonic acid as re2)resented in this formula : 


OMgOII 


CO< 

CO: 

C 0 ( 




O^lgOH 


There are some salts which are (huived from a pyro- 
carbonic a(*id, tliat is, a form of tlui acid derivetl from 
tw'o molecules of the acid by loss of one molecule of 
water : 

2C()<;;j; h,c,/). + leo. 

Such a salt is formed l)y loss of water from the 2)rimaTy 
sodium salt : 

^HXaCO, Xa/V), -j- II/). 


Tluu’e are no salts known dm ivcMl froiii normal carboiiic 
a(ud, C(()II)^, though tlu*r<^ ar«‘ some compounds aimlo- 
gous to salts which ar<; <huivaiiv<‘,s of tliis normal 
The s(‘con(lary or jiormal salts which carbonic acid 
witli tlie most strongly mark(Ml nndallic ('lemcnts, \ 
2 >otassium and sodiiun, are not di'.composc'.d by Ic -'k 
but all other carbonat(‘S aia^ decomposed by hiait iicoo 
or h\ss easily, acconling to the strength of the h;ise. 
(kalcium carbonate when ignitcMl loses carbon dioxi(l<\ 
and lime, or calcium oxide, remains behind : 


CaCO, CaO -[ CO,. 
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Carbon Monoxide, CO. — "VVlieii a substance containing 
eai’bon burns in an insulUcieiit supply of air,- as, for 
example, xvlien the draught in a furnace is not strong 
eiioagli to remove the ijroducts of combusti(jn and sup- 
ply fresh air, — the oxidation of tin* carbon is not coni- 
pl(de, and the jjroduct, instead of being carbon dioxide, 
is carbon monoxide, CO. This compound can jilso be 
made by extracting oxyge.ji from carbon dioxide. It is 
only necessary to })ass the dioxide over heated carbon, 
^vlIen reaction takes p)iace as represented thus ; 

CO, -1- C = 2CO. 

This method of formation is illustrated in coal fires, and 
can 1)0 ^v(dl observaal in an open grate. The air 1ms free 
acc(‘ss to the coal, and at the surfat’o complete oxidation 
takes place. But that ])art of the carbon dioxide which 
is fornuMl at the lower part of tlie grate is drawn up 
tlirougli the ln'at(‘d coal, and is partly r(‘diiced to carbon 
monoxide. 'Wlnui tin* moiioxiih' escapi's from the upper 
])art of the grate it again combines with oxygen, or burns, 
giving rise to the (dmract(‘ristic bhn‘ llanu' always noticed 
above }L mass of burning anthracit(‘ coal. Should any- 
tliing occur to ])r('V('nt fr(‘(‘ access <»f air, cailion monox- 
iiie may readily escap(‘ coni])h'te oxidation. 

The Jiionoxide is also foi nu'd by pmssing steam over 
highly heated carl)on, w luui this reaction takes phuam 

C l 11,0 - : CO 1 H,. 

^ITiis is the rea(diou made us“ (d' in the manufacture of 
“ water-gas.” The gas thus obtaiinal is largely a mixture 
ol hydrogcm and carbon inonoxidi'. Tin' gas is enriched 
h.v passing it through a furnaca' in which it is mix('d w ith 
kiyldy heatml vapoi’s of hvilrocarbons from ])etroleum. 

main reaction, the de(a)mposition of waiter by Inaitial 
^‘‘'' hoipis efiected in largt' furnaces lilh'd with anthracilt' 
’■'‘'h The coal is tirst heated to a high tenqimatma' 
:«'tting lire to it, the ])roducts of taunbustion la'ing 
‘dlowaal to escape. 'When it is hot enough, the air is 
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shut off and steam passed rai)idly in, when the (Lhoiii. 
position of tlie water by the carbon takes plac(‘. Soon 
tlie mass lan-omes so much cooled tliat the rt aolion 
sto})s. TIk' steam is tlien cut off and air turned oji .i^ajn 
and so on. 

Tlie (^•lsiest wav to makii carbon monoxide is by lu at- 
in^ oxalic acid, wliich is a compound of carbon, liNdio- 
gen, and oxygen, of tln^ formula witJi livi^ to siv 

times its w(‘i^ht of concentrated sulphuric acid. Tho 
cliaiige which takes place is r('[)resented thus : 

CO, 1 bT) 4- H,0. 

Both the dioxide and monoxide of carbon are foi’iiicd. 
Both are ^ases. In ord<‘r to S(‘]>arate, them the mixturo 
is passed throuf^b a solution of sodium hydroxide, 
takes u|) the carbon dioxide, formin;^ sodium carboiiatt', 
and allows the monoxiihi to pass. 

Carlion monoxide is a colorless, tasteless, inodorous 
gas, insoluble in watm*. It burns with a pale-biiu^ lluiiic, 
forming carbon dioxi<le. Jt is (‘XciMslingly poisonous 
when inhahMl. Hcmcc it is very important that it should 
not b(‘ allowi'd to «\scapc into I'ooms occU[)i(‘d by hiiiiiau 
beings. A\h‘ not unfr(M|U(‘ntly lunar of (hnaths causiMl by 
the gases from c<ual stovr^s. d’h(‘ most dangm’ous ol the 
gases giv<;n olT from tliese slovens is probably carbon 
monoxide. A pan of smould(*ring chareaial givi'S oil ihi^ 
gas, and the, faett that it is poisonous is well known. It 
luis bc(Mi useal to a cousi(h‘i’abh‘ extent for the piir)tos(^ 
of suicide. The ])oisonous (character of ra.rl)on monoxidt' 
has led to a gnnat deal of discussion and to sonu' legisla- 
tion on tln^ subject of “ watcu’-gas.” Tlui (piestion has 
been repenateal ly raismt xvludlier government should allow 
the manufacture of the gas. There is no doubt ol the 
fact that it is a dangerous substance, and that it should 
not be allowed to escape into tlu^ air is ol)vious. A\ In rc- 
ever it is uscul special ])recautions should bo taken to 
guard against leaking. Tliero is no doubt that it is 
somewhat more j)oisonous than coal-gas. 

At high temperatures carbon monoxide has a xm} 
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slroii^^ toiul(‘iu*y to comluiio with oxygon, and is lienco a 
reducing agont. In tlio roduotion of iron from its 
ores, the carbon inonoxido formed in tlio blast-furnace 
|,];ivs an important part in tln‘ reducing process. At 
ordinary temperature's tin' gas does not coiul)ine readily 
oxygen. Thus, it do(‘S not act upon ozoin^, even 
Avhrii lieated with it sonu'what abovi* the temperature at 
uliirh o/one is converted into ordinary oxygen. AVlnm 
passt'd over some substama's which are ricli in oxygen, 
as, for example, chromic anhydride, (TO,, and potassium 
prrinanganate, lOInO^, in acid solution, it takes up oxy- 
p('ii ('V(‘u at the ordinary temperature. It unites with 
rldoi'ine in the diri'ct sunlight, and forms the com- 
pound known as ('((rhoiujl c///ora/c, (TXT,,. 

Formic Acid, H-.CO:. — dust as i'ar])on dioxide maybe 
regarded as thi' anhydride' of carbonic acid, so carbon 
iiionoxido may be regarded as the anhydride of an aciil 
of tlie formula H.,(T),,. Whih', howevc'r, an acid of iliis 
fnrtnula is known, it is not formed ])y action (rf carbon 
monoxide upon watr'r, nor are its salts easily fornu'd by 
iho action of carbon monoxide upon V)as('s. ]ly ])assing 
it over certain basic substances, however, as, for examph', 
potassium liydroxide and cah'iinn hydr<>xide, at a com- 
paratively higli tempt'rature action takes place, and salts 
ef ilu' acid are formed. TTius, in the case of potas- 
sium hydroxide, tlie action takes place as represented in 
tilt; etpiation 

CO + KOH HCOJC 

Although it contains two atoms of hydrogen in the 
laoh cule; formic acid is monobasic. This fact finds its 
e xplanation in the stru(*ture of the acid. All its reactions 
sh'iw that only one of the liydrogen atoms of formic 
Ju i'l is in combination witli oxygcui, while the other is in 
^‘<nid)ination with carbon, as represented in the formula 
0 

H 

O . The relations here are similar to 
OH 

in phosphorous and sulphurous acids, 


He OH or C I 
dmse met with 
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which have been so frequently referred to. I-ormic 
acid bears to carbonic acid the same ri^latioii (liat 
sulphurous bears to sul])huric acid, and ])liosp]i()i’()i^^ 
to phosphoric acid, as shown in the formulas : 


00 < 
j OH 

00 ‘ 

( OJI 

Formic acid 

Carhoiiic acid 

0 s ' ir 

1 OH 

Os(CH 
; Ol-l 

Sulplmroiis iiciil 

Siilpliiii ic acid 

or - OH 

( Off 

or ()}[ 

( OH 

( OIL 

Phosphorous ncid 

Pliosfthoi ic acid 


Formic acid occurs iu nature in immI aids, in stiiiiaiiii^ 
nettles, and (ds('\s It is a colorless li(|uid, wlih li 

solidilu's at S '.d. ^\'llen treated with coiuMud rat(‘d sul- 
phuric acid it breaks down into carbon niono\id(' and 
water : 


IT/M ), r-^ CO 1 Jld ). 


35y oxidation it is converted into carbon dioxid(' and 
wat(M’. 

Carbonyl Chloride, Phosgene, COCl..— This conipniind 
was reiVu'iaMl to :ibov<‘ as Ixdng lormed wluui chloi iti'' aii^ 
upon carbon iuonoxi<h‘ under tin' iidbnuua^ of tin' siin 
rays. It is also lormed wln'ii tln‘ two gast's ai(‘ pa^^'* d 
togetlnu’ througli a tubci tilhnl with ])i('C(‘S of animal ( liar- 
coal. It is a colorless gas, which is (aisily condens* d !»' 
a li(|uid l)oiling at S' .2. It is now manufactuia'd <*'1 Hi*' 
larg<‘ scale, for us(‘, in tlui pn'paration of certain ( la^>'‘s 
of dye,-stidl‘s. 

Take the oxychlorides f)f sul|)liur and of ])hosj)hei UN 
this (a)m])ound, which is an oxychloride of (*arbon, d( 
composed by w ater, torining carbonic acid or its j)i o(ha 
of decomposition : 



CAUBONTL ClILOHIDE OH PUOBdKNE 




, Cl , HOH 
S(),<(^.1 + \\cR 


= H()..< 


OK 

OK 


2HC1 ; 


iC\ KOK (OK 

P()J c\ 4- KOK ro- OK + 8HC1. 

('1 KOK (OK 


It is iiitorostin;^^ to note tlint, a\1h 1(* tlu^ clilorides of 
Mill'inii' JHhI phosphorus, S(’l,. and as wadi as 

Si’l and IH'h,, av(‘ taisdy p< )S»a\ hy watiny tlu^ 

tfl 1 :udilori(ha of rarhon, 0('lp‘ is in>i. < )u iht* otlnT 
liand, thn, iidranhloridi' is not fonuod wduni the oxidi'S 
of rarhon nrn. iiaadtMl with hydiaaddnvii- acid. It 
will h(' lanmnnluna'd that, in <lis(‘nssin^ tin* ladalions ])c- 
twt'iMi tin' acid-forndn;^ and tin* has('-f( naninu' idi'iiiniits, 
atlviilioii was calhal to tin* fact that, in ,t;(*in*ra 1, tin* (ddo- 
jidcs of tin* acid-fo]‘inin;L;’ clcnicnts arc* c'asiiy dc'coni- 
|)i)S(‘d h\' watc'i*, foriniiiLt ^hc* corrcspc nnliin;’ hyc 1 rc )\id('s or 
f»\i(l('s, w hilt* tin* o\id(‘S and liydroxidt's of tin* haso-fi »rn’:- 
iiiy clciin'Jils ai'c* convt*idc*d into cldoridc*s hy trc'atnn'iit 
with li\ (li'ochlorit* acid. In carhon wt* havt* an t'xainph* 
'tfaii c'lc'int'nt w hich occnjdt's w hat may he* calh*d almost 
.Miciitral j^romnl hi*tw(*c‘n tin* two (*lasst*s ol c'h'monts. 
It loriiis hoth acids and hasc*s, to la* snre*, hnt tln*S(‘ art*, 
;^>'iu>r;tll V sp<*a.kin;^, not as strongly markc'd as tin* acids 
■nid hasi's fornn*tl Itv cdln*r (‘h*nn*nts. This m*utral tdmr- 
iu tcr of tin*, (*h'nn*nt is also well shown in the* conduct of 
its chloride' towards watt*r, and of its o.xiiles towards 
k.ydrochlejeric acid. 



CHAPTER XXI. 


ILLUMINATiON-FLAME-BLOWPlPE. 
COMPOUNDS OF CARBON \V1 Pll KITkOGEN AND SULPllUU 

Introduction. — As tlio siiPstances used for illumina- 
tioii roiitjiiii jiiid tlie clieinieal protu^ssos involvnl 

consist birgely in tln^ oxid.-itiofi «>£ the carbon of tlii'sn 
coniy)oun(ls, this is an a])])ropriat(i ])lac(3 to considiM' 
])rielly the subject of illuniination from a clnmiical point 
of vi(‘\v, as well as that of ilanny and tin' blo\v-])i|)f, 
wliich piv(‘s an ("xtrenndy useful form of Hanio cojistaiitlv 
used in th(‘ lal)oratorv. 

In all oinlinarv kimls of illumination we are depoiident 
upofi flames f<»]’ th(‘ liu'ht. W Indlnu’ us(' illumiiiai in^^ 
p;as, a lamp, or a candhu the li^^ht comes from a fi;nii(‘. 
In the tii'st case, the y^as is luirmul diiaudly ; in the casn 
of th<‘ lamp, the oil is tii’st drawn uj) the wick, tln'ii con- 
verted into a ;^as, and this buiuis ; wliilc', finally, in Ilia 
case of tin' candh^, the solid mat(‘rial of tln^ candle is 
first nndtfMl, tlnm «h-awn u]) the wick, convert(Ml into pas, 
and the ^as burns, forming; th(‘ flame. In (uich cas(* ue 
hav(‘, th(‘n, to deal with a bm ninjp J^as, and tliis bnrninp 
p^•^s is calhnl a ila me. 

Illuminating Gas, Coal-gas. Illuminating gas is soine- 
fim(‘s mad(3 from ce)al hy Inuiting in closed retorts. As 
lias already been (explained, coal, particularly the softer 
kinds, contains compounds of carlion and hydropeii, 
together with some nitrogmi and other elements. A\ 
it is subjh'cted to d<'structiv(3 <listillation, as in the inaim- 
facture f)f coal-gas, the hydrogen passc's otlf ])ait1y i'‘ 
combination with carbon, as hydrocarbons, and partlv in 
the free state. The nitrogen passes off as ammoiiin, 
a large per(;entage of the carbon remains behind in tl'*' 
retort in the uncoinbined state as colce. The gases given 
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ofl’ ;iro })iirified, and form illmniiiating gas. One ton of 
(Old yields on an average 10,000 (*u])ic feet of gas. Tlie 
of a gas d(^})ends upon tlie (piaiititv of light givcui 
bv the- burning of a delbiib^ ([uaiitity. It is nieasured 
])V ('oniparing it with the light givon l)y a candle burn- 
at a certain rate. The standard caiidle is one nun It ' 
of spennaceti, which burns at the rate (»f 120 grains pei 
liour ; that is to sav, a caiidh^ Avhicli, burning uiub'r 
Didijiary conditions, lost's 120 giaijis in one ln)ur. Tlu' 
standard burner ust'd for the gas is one througli which 
iivt' cubic f(H‘t of gas pass*p(‘r hour. Now, to (hdt'rndiu' 
tli(' illiiininating powtu* of a gas, it is passtnl througli the 
standard Inirner at tln‘ ratt‘ nnudituu'd, and the light 
which it gives is coni])are(l with the light given by tin* 
standard caiidh*. 'This (*oni]ia rison is easily nmdt* by 
means of an instrunnudi (*alle(l the pltofounfrr. 'The 
illiiininating jiowt'V of the gas is tlu'ii stab'd in tin’iiis of 
llic standard candh*. The siatemunt that tln^ illund- 
na.ling power of a gas is fourteen cnandles, signihes that, 
will'll burning at the rate ot live mibie b'ld ]>er hour, its 
llaini' gives foui tiMUi tinu's as nnndi light as that of tin* 
standard candhn 

names.- Ordinarily wlnui wt* sjunik of a flame wo 
nicaii a, gas whiidi is eondiining with oxygen. Tlie hy- 
iiogen thiine is simply the idn'iionnuion aeeom])anying 
till' act of combination of tlie two gases bydrogmi and 
exygi'u. Owing to the fact that we are snrvoniuh'd by 
axygi'ii, we sp('ak of liydrogtui as the burning gas. How 
^vonld it be if we wert' sni ronmhal by an atniosjihere of 
hydiogim? Plainly, oxygmi wonld then be a burning 
gas. If ^ve allow a jet of oxygaui to escape into a vessel 
^''iitaining hydrogen, a llaine will appear where the oxy- 


gnu ('Scapes from the j(d, if a light is a.j)])lied. This is 
an (‘xperiment which requires s[)ecial precautions, and, 
asllu' principle can be illustrated as well by means of 
|il'indnating gas, tliis may be used instead. Just as 
^ii'iiniuittbig gas burns in an atmosphere (»f oxygtvii, so 
'^yg(ui hums in an atmosphere of illuminating gas. 

Kindling Temperature of Gases. — In studying the acti(Ui 


upon otlier substances, we learned that it is 
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necessary that each of these substances should he i ;;.: 
to a certain ternperaturo before it will c()iid)iii,> with 
oxygen. This statement is as true of gases as of ntht.r 
substaiua^s. Wlum a eiirrent of hydrogen is allow cl to 
esca[)e into the air, or into oxygen, no actio]i takes pkn,, 
unless it is heated up to its burning temperatun', w lieu 
it takes lire and eoidinm^s to ))urn, as the burning of 
one part of tlu^ gas Inputs u[) tli(‘ j)art whieli follows it 
and lienee it is lieatial up to tlu^ burning ti'uipoia- 
ture as fast as it (‘seapos into tlu^ air. jf tlu' 
eooled down even vin'v slight l^v below this bniipciat iiiv, 
it is extingnisli(sl. This ean easily be shown by blink- 
ing down n[)oi( the llaine of a llnnsmi Iniriier a ])i(M'o of 
wire gan/aw Tlnot' will Ix^ no ilaine abov(‘ tho gaii/.o, 
but gas will pass tlirongh nnbnnu'd, and this will bum 
if it is liglitml abovt' the gan/('. In this easi', by simply 
passing through tln^ thin win' gan/a‘, tin' gas(‘s ar(‘ cooh it 
down Ix'low tlnhr burning toin pc'iatnrc's, and the llnino 
does not pass through. So, also, if tln^ gas is tiiriiol 
oil and not ligliti'd, and tlie gan/a^ lu'ld an inch or two 
al)ove the onth't, tin' gas will burn abovi^ tln^ gan/t' if 
lighti'd above, and will not pass downward tlirongh tin' 
gauze, unless this Inmoines v('rv hot. 

Miner’s Safety -lamp.- Tin' juineiph^ illustrated in fkr 
exjn'riinents rc'ferred to in the last jmia- 



graph is utilized in tlie miner’s -se/Wy- 
l(un/), to whicli referi'iiei^ has alri'ady hnoii 
inadi'. One of tln^ dangers which t In' foal- 
rainer has to «'ne()nnter is tlie oeeni retio’ 
in tin' miin'S of tire-dani]), or met liaiin, 
CH„ whieli with air forms an (‘\|)lesi\(‘ 
mixtnri'. Tdie (explosion can on!\ h* 
brought about by eoiitaet of flame walk 
the mixtnn'. In order to avoid tlie ‘eii- 
tact, tin' llaiiH^ of the sahdy-lani]) 
rounded by win^ gaiiZig as shown in fk-- 
11. Winn a lamp of this kind is bi’oiigkt 
into an explosive mixture of marsh gas 
and air, the mixture yiasses throngli tii^ 
conn's in contact with the fhnnc, and a 
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.-iin.iH explosion or a series of sniall explosions inside 
tlie i^'iiuze oeeiirs, ])ut the llaine of the burning ^^as 
inside the Avire gauze eaiinot pass tliroiigh and raise the 
teiii}H'iatiire of the gas outsi(h‘ to the. ])ui ning teinpcu a- 
tuii'. If(*uee no serious (explosion i*an take place. The 
llickeriiig of th(^ liaiiu* of the lamp, and the oceurrenc(3 
of siii.ill ('X[)losio]is insi(h‘, lurnisli tin' miinu’ with the 
iiiinriiiatiiui tliat ln‘ is in a dangmons atmosplno t*. W hile 
tin' salet y-hiinp do(^s undoubti'dly atford much proti'ction, 
still ('xplosions occur. TTu'st' ha vt* l)ee!i shown tobc' caused 
liv tln‘ })resenct^ of coa.\-dnst in thi' mines, and by tin' I'om-* 
motion of the aii‘ piodiua'd in blasting. by the aid of tlie 
coal-dust, and by suddmi and vioh'ut movi'nu'nts ( )f the air, 
it is ])ossible for a tlaine surroumh'd l)v wirt' gau/a' io 
cxplodi' a mixture of marsli-gas and air on the other side 
of till' gauze. 

Strueluro of Flames.— -ddie hvdrogo'n flann' consists of 
a tliin (‘iiv(‘lopr‘ of buiming hydrogc'n ('iiclosing nid)ni‘ned 
i;as, and surround('d by \\at('r vajxn’, which is the jtrod- 
iK't of th(3 coml)Ustion. ddu' structuia' of otlu'i’ llanu's 
<lc|)(‘iids u])on th(' comtdrxit\' of tin' gas('s burned, and 
tli(' conditions nmh'r which tin' burning lakes place'. In 
}^i‘iu'ral, a ilann' c'onsists of .an ont('i’ ('nveloju', of gas 
roinbining with oxyga'ii, and ln*nc(' hot, and an inner 
]»art which contains unbnnn'd gas, which is compara- 
tiv('ly cool. A part of tin' iinlmrin'd gas is, howi'vei’, 
<iai((- liot, and it would ciJinbiin' with oxygi'ii were it not 
ha- tli(‘ fact that it is surr»)unded by au ('n\a'lop(3 which 
]'i('V(aits acc('ss of air. d'he (m/cr hot ptoi of tin' llame 

called the o.rld IzirKj Jhi )n<\ In'c.ause it presents comb- 
fi'ais favoiabh' to tin' oxidation of substanc('s introdiua'd 
^’•h) it. dTn* iiuicr hot purt is calh'd the mluving 
ht'cause it. consists of highly lu'atc'd substances which 
lia\t' tin' power to combine w ith oxygen ; and hence many 
^‘'aii])ounds containing oxygi'ii lose it, or are reduced, 
introduc'd into this j):irt of the lianu'. The hot- 
l‘'^t ])art of the flame is about half-way between the 
hottoni Here oxidation is taking ])lace 

energetically. The hottest part of the unl)urned 
is at the tip of the dark central part of the dame. 
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In tlie fljiiiie of a Biuisen l)urji(‘r tln^ two |);ir(s ran !),> 
easily (listinguislnMl. The dark e(nitra] j)art of tin* llamo 
ext(‘iuls for soino distatua' al)ov(‘ tlie outlet ot tlu' l)iiruri'. 
If tli(^ lioh^s at tli(^ has*' of tli(‘ buriiei’ art* partly closed^ 
the tip of th(' central part of tin* tlanie hecoiiu's liimi- 
nous. This luiuinous ti[) is most (‘Ihcituit for tlu' |iiii- 
post* of KMluctioii. 33i(‘ [)j’inci|)al jiat fs rf 
(i tin* llaim* art* thosi* marlu'd in \' 2 . TIk' 

part markt'tl /> is tht^ ct*ntjal coiit* of im- 
hunital past's ; that marktal e is tlit* liimi- 
nt>us tip, tin* host pai’t of tin* tlaim* foi n- 
ductioiL is tilt* t'n\t*lo])(* of l)miiiiia 

oas Tie* liottt'st iJai't of tilt* llamt'isal c; 
// that w lii; li is most ollicitmt in causing ,)\i 
tlation is a( <f. 1'liis is fiii(ln‘r surroiiiKlrd 
])\ a mm-lumimms tm V(‘lo|)t' consisting "t 
tilt* prtMlucts tif cttmlnistion, carhon diox- 
itlt* anti water vapor. ( '(*rtain metals placed 
in tin* upper end of tin* tlann* take ii[» 
oxygen, ht'caust* tlit‘y ai't* hi^^hly lieatt*d in tin* presence 
ofoxy< 4 t*n. (n*rtaiii t >\ ities lost* tln'ir t)\ye,‘n w ln*n placed 
in tin* ti[)of tilt* central ctnn*, hecaust* tin* e«ist*s an* lieie 
licatt*tl tt ) tin* t< * m pt * ra t u rt * at winch tln*y liaNt* tia 
pow't*r tt) ctuiihiin* with t)\y<^t*ii. 

Blow-pipo.“ I'he t)xitli/inLt anti rt‘ducin^ Hann'S aiv 
fretp.ncntl y utili/t*d in tln^ la ht ux-itt iry. hor the pm peo* 
of incieasinj_5 their t*llicit*ncy a hhur-pipi^ is ust'tl. I Id^i^ 
sim[)ly a tuht* w ith a ct)n vt'nit'iit mt)uth-[)ii‘c(* and a 
with a small t>penin^ through which air is hhiwn iido a 
tlame hv mt*ans t)t tin* mouth. I In* l)h)W'-pi])t‘ iiia\ k* 

iiseil with tin* tlann* t)f a candh*, an alct)ln)l-hini [>, te .l 

gas-lanij). It is commt)idy ust*d witli a gas-lamp. Id 
regulating tin* curr(*nt t)f air and slightly changing tli<‘ 
posititm t)f tin*, tip ot the ])low-[)i})e a gt)t)d t)xidi/ii>n 
tlame or a gotxl reducing tlame can la* produc(*d. 
oxithiS are very (easily r(Hluc(‘d wh(‘n ln*ated in ll“ " 
diicing hh)vv-pi])e tlame. Otlnu’s arc^ not. \\ t* can h* 
cjU63ntly judge of the composition of a sid)stance h\ In n 
ing in the l)low-pi })0 llarne, and noticing its condm • 
Some metals are easily oxidized in the oxidizing Ikiin 
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Soiiu' form characteristic films, or thin layers of oxides, 
ou tlic suhstaiu^e upon which they are heated, which is 
(diarcoal ; and, in some cases, it is possible to 
(letort llie pres(mcc of certain substances by the color of 
the tiliii of oxide. The bIow-pi[)e is therefore of much 
value as afibrdino a method for tln^ dett'.ction of the 
presence of certain (dements in mixtnii'S or compnninds 
of unknown composition. Tln^ clnMideal principles in- 
v(^]ve(l in its use will be clear from what has already 
said. 

Causes of the Luminosity of Flames.-^ It is evident from 
what we have scum that llanu^s diller <j;rt‘atly in their 
lil^lit-i^ivin^ pow(n\ d'he hydro^(‘n fiann', for example, 
thouy^h extrenudy hot, <i;iv(‘s praidically no lijj^ht. This is 
also i\w cas(^ with tlie tlaim* of the Bunsioi burner; 
while, on the othi'r hand, tln^ llann' of eoal-^as, burning 
under ordinary (dreumstamn^s, and that of a eandhs (dc., 
;,uve li;^dit. dh) what is th(‘ dilleiauiee due? This suhjhud 
has luuni studied very thoroiiohly, and it has hoen found 
that tlnu'e aia* S(‘V(‘ral eaus(‘s whiidi op(u at(‘ to mak(^. a 
tlaiiH^ oiv(‘ li^dit, and e/Vc rc/we. In the first place, if ;i 
solid snhstaiua‘ whi(di do(‘s not hum is introduced into 
a non-lmninous llann', a part of the heat apjunirs as 
li^ht. This is s(hui when a spiral of platinum wire is 
introdiu'ed into a hvdroi^cui llanu\ It is also seen wdien 
a pit'ce of linu' is introdiKMul into the hot nondumiuous 
llaint^ of tlu> oxyhydro^en l)low-pi])e. A similar cause 
oi'i'iatc^s ill ordinary ‘j^as-llauu's to make them luminous. 
1 lit're are always pri'smit partieh's of uiihurned carbon, 
as can shown by putting a pii'ce of poreidain or any 
•Solid substaiuu' into tin' llanu', when there will he de- 
I'ositiul on it a layer of soot, whiidi consists mainly of 
hiicly dividi'd carbon. In tin' flame smdi })ai'ti(des are 
lit .iti'd u[) to in('and('sc('nc(', or to the tt'injieratnre at 
^vliicli they ^dve li<j;lit. A^nain, it has been found that a 
cniidh' ^iv('s more lioJit at the lev(‘l of tlie sea tlian it does 
'\ kcii at the top of a hioh mountain, as IMonnt lllane, on 
wliich the ex])erim('nt was actually performed, d his is 
1*11 idly dun to a dilVeveuee iu the density o{ tin' gases. 
^ diirally, tin', deiisc'r the gas the more active the com- 
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bustiou, tlie greater the Jioat, juicl tlio brij^^htor tlio 
This last statement (-(‘ases to be true wlnm tlie oxid.itiou 
becomes sutlicient to burn up all the solid ])articl('s in 
the dame. If ^as(‘s, Avhich in burning ^ivo li^rjip 
caoletl down lad'ore tht‘y are burned, the iumiiiositv is 
dimiiiislied, and, eouvm'sely, iion-lumiiious flames nmy 
b(i rondmaHl luminous by lu'atin^ the gas(‘s lad’oro hniH' 
iii)j;- them. (fas(-s which otherwist; give luminous llann s 
give lion-luminous llann'S when dilutial to a sulliciint 
extmit with iimitral gases, such as nitrogen and caihou 
dioxide, which neither burn nor su|>port combustion. 

Bunsen Burner.- All the statmumits mad(‘ in regai’d (o 
the causes of the luniinosily of tlanu's are based njton 
cand'uliy performed ('xperimenis. Tln'sc^ ex [jeriimnits, 
howevi'i', cannot, for the most ])art, la' readilv r('[)(sitr(l 
by the student in the' laboratory in a satisfactory wav. 
One constant remimh'r of tin' possibility of ri'inh'riiit; a 
luminous Hanni non-luminous, and ear is fni- 

nislnal liy the burnt'r univi'rsally used in cln'inical lal)oi a- 
torii's, and calhal, after tin' name of tln^ inventor, tlio 
Bunsen hxinter. Tin* construction of this burner is easily 
understoial. It consists of a base and an nppi'r tiilx'. 
The base is comn*ct('d by nn'ans of a rubber tnla* with 
the gas suj)[)ly. I'ln* gas (‘scaja's from a small opening; 
in tin' bas(*, ami p.asses upwai'd through the fula*. At 
the lower ]>art of tin* tube; tln'ii^ ;ire two hoh's, which 
may Ixi o])(‘in'd or closed by turning a ring with two cni- 
resjionding holes in it. W lien tin* gas is turin'd on, il i^ 
liglitf'd at the top of tlie tuln*. Air is at the sami' bnio 
drawn through tin* hob's at the basi*. Tin* la'sult is that 
tln^ ll ann^ is jiractically non-luminous. If tin* ring at the 
bas(* is turiK'd so that the, air-holes ari*. closi'd, the 
tlame becomes lumiinms. 'Tlie a.dva,idage of tin* ia*ii- 
luminous flame for lalioratory use consists in the tact 
that it do(is not deposit soot, and, at tln^ sann^ time, li 
is hot. 

The non-luminosity of tin* tlame of the Ibinsi'ii bin m r 
ap])ears to ]>e due to sev(*ra.i causes: (1) Dilution ot th(‘ 
gases by means of the nitrog(‘n of the air ; (2) (’oolieg 
of the gases by the entrance of the air; (3) Ilurnine ‘>1 
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jlio solitl particles hj the aid of the oxygen of the aii 
admitted to the interior of the tlarne. 


CoMrOIJNDS OF CA11130N WITH KiTROGEN AND WITH 

Hulphur. 

Cyanogen, CaNj. — Carbon does not combitie with ni- 
h’ogt'U under ordinary cireunistanees. If, however, they 
are brought together at very higli temperatures in tlio 
|)ivs('iu’e of metals, tlnyy combine to form compounds 
known as cyduides. Thus, Avlum nitrogen is passed over 
ji liigldy lieated mi\tur(‘, of carbon and ])otassium car- 
bonate, potassium cyanide, Kt-N, is formed. Carbon 
eontainiiig nitrogen, as animal cliarcoal, wlion ignited 
potassium carbonate, laabices tlie carbonate, form- 
ing j)otassium, in presence of wliicli carbon and nitro- 
gen coiiibine, forming ])otassium cyanide. IVlien refuse 
anijiial substances, such as blood, horns, claws, hair, 
etc., are heated tog(dln*r with ]>«)tassiu!n carbonate and 
iron, a substance known as fcrro-cyarndcy or 

ydlnio pn(ssi(de <)/' pofusJi, “1^ dl f^O, is formed, 

b lien this is sim[dy lieatcal it is decomposed, yielding 
potassium cyanide : 

Jv.jh'e^CN), — IIvC^s I eC.j -f- Nj. 

It is an easy matter to make tin' mercury salt, Hg(CN) 2 , 
from tlie potassium salt. J>y heating mercuric cyav.ide 
it 1)1 ('aks up, yielding metallic mercury and cyanogen 

gas ; 

jnst as mercuric oxide yields mercury and oxygen when 
licated: 

HgO=.Hg + 0. 

Cyanogen (from /cinreoi:, owes its name to the fact 
tkat si'veral of its com])ounds have a blue color. It is a 
Colorless gas, which is easily soluble in water and alco- 
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liol, and is exfremehj poisonons. It Liirns witli a piiij,],. 
<*()l()ivd llaiiio. In aqin^oiis solution cvano^MMi soon nj, 
<lorgoos clian^i^n, and a hrow n anior])Iious siil)s(aii(v 
de|)osit('il. In tlit‘ solution an‘ found li vdro( \ anic ;a {,1 
oxaJi(^ ai'id, ainnionia, and carlxui dio\id(‘. Tlio |)riii,.i, 
j)al caus(‘ of this dix-oinposition is appariudh' II k ti u- 
(huicy of tli<‘ idtro^tui to (‘oni!iiu(‘ with hydi()«_;t>ji (o lonu 
th<5 stable eonipouinl ainnionia, and of c-aibou to cnu, 
])ino witli hydro^('n iind cixy^m to form stable* ((im. 
])ounds lilv(3 oxalie acid and rarbon dioxicha ()jio o) the 
ehi«d‘ d(M‘om|)osil ions which cyano;^t'n undcrgixas with 
water is that re|)res(‘ntcd in the (apiatioii 

ON OOll 

I 1 Jiio - +t^Nn3. 

ox ‘ (’()J[ 

OOJI 

The conniound i or 11,0, (). is ox;Ji(5 aeid. Tliis 

^ 00,11 

kind of deeoni])osit ion with wat('r is eliaraet(‘risti(' 
ano^xm (‘om[)()unds. It consists, as will be siwm, in llie 
iiidoii of tile nit roecui with liydroe^ui to form aminoiii.i, 
and th(‘ union of th<‘ carbon with ox\y,n'n and hydi'owh 
Hydrocyanic Acid, Prussic Acid, HCW.— d'his .k id, 
which is commoidy known by tin' name ]>russic acid, oc- 
curs in nature in am\y;(lalin, in combination with ollitr 
substance's, in bit le'r al monds, tin' h'ave'S of tin'- cIk iiv, 
laurel, etc. It is jeix'pa ix'd by dccom])osin;3; mi'iallic cy- 
anide's with hydro(dd<nic acid. It is volatihx and ])assos 
e)ver. The action is )<‘[)rcsmited thus: 

K(’X I- 11(1 K(1 I TIOX. 

It can also lie made- by treating,; cliloroform with 
ammonia : 

OHOO + XTT, ^ TT( X f 1H01. 

Of course, tlio liydrochlorie- acid and the hydroe'v-inn! 
acid formed (combine witli amnnaiia,, sf>that the C()ni[dctB 
4actiou is re[) resented by this eej nation : 

0110I3 -i- nxi =: xii.ox + .inh,ci. 

The product NH^CN is aininonium cyanide. 
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jjv^li^ocyanic acid is a volatile li^juid, l)oilin<]r at 20'^.!, 
solidifying' at —14°. It lias a very cliaractcristic 
odor of bitter almonds. If is extremely poi- 

so//o?/.s‘. It dissolvi^s ill wat(‘r in all [iroportioiis, and it is 
siuli a solution ^vllich is known as inussic acid. Puro 
livdrorvaiiic acid is vm’v nnsial)li‘. 15y standing, a broAN n 
siikstance is di^positiol from its solniion. lly ludling 
;vi(li .‘ilkalii's or acids it is convmtiMl into forinii* acid and 
aiiiiiioiiia. This is anotlnu' (‘xanqile of tlie tendency of 
cvaiio'O'U compounds to deiaiinpose in the ])resenc(^ of 
wati'V, vitdding ammonia and oxygmi c()m])ounds of car- 
1 ) 011 . Till' di'compositiou of hydrocyanic acid takes place 
as represented in tbe (Mpiation 


(N . TITIO 
( H llHO 


= C 


OH. 

(h 




Tlie relations betAvi'on chloroform, formic acid, and 
liydrocyabic acid are instructive. J>y replacing all the 
clilorine at(nns of chloroform by hydroxyl a compound of 
I OH 
()H 

the formula C j would bo formed; but this would 

[h 

break down by loss of water, yielding formic acid, C OH . 

(h 

By replacing the three chlorine atoms by one nitrogen 
atom hydrocyanic acid is formed ; and this in turn when 
di'com posed in ])resence of Avater yields formic acid. 
These relations Avill be made cleai^by the aid of tho fob 
imviiig formulas and equations: 
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+1IOH C 
H 
OH 
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HOH 


OH 

H 




OH 

H 
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p(N , HHO 
^ I H + HHO 



O 

OH + NH,. 
H 


Cyanic Acid, HCNO. — By goiitle oxidation of a cyan 
ide it is converted into a cyanate. Thus, by niolliii}^ 
together potassium cyanide and lead oxide, potassium 
cyanate is formed : 

KCN + PbO == KCNO + Pb. 

Cyanic acid is a volatile, acrid, iiiist.-iblo liquid. It 
breaks down at once into carbon dioxide and amiiionia 
in presence of water : 

♦ 

CONH + 11,0 = + CO,. 

The potassium salt is easily soluble in water, l)ut is 
decomposed by it, yielding ammonia and acid potassium 
carbonate : 


CONK + 211,0 = KHCO, + NH,. 

These decompositions of cyanic acid and the cyaiiaics 
further exeiii])lily the temhuicy of cyjinogen compouiuls 
to undergo docoin])r)siti(>n in ])reseiice of water. 

Carbon Disulphide, CSu.- — dust as call >011 comluues di- 
rectly with oxygen to foi in the dioxide, so it coiiihiii' ^ 
directly witli sulphur to form tin* disulphide; but 
is a great difference in the ease with which carbon ( (ini' 
bines with the two (‘hunents. In older to elh'ct conihiim- 
tion with sulphur a very high tempfU'ature is in'cess.it.^- 
The compound is pre])ared on the large scale by lu'ulin^ 
charcoal to a high temperature in an upright cast-n<)U 
cylinder, and adding sul])liur in such away that it en<( >s 
the bottom of the cylinder. The product is pass* * 
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jhiDUgli a aeries of tubes arranged so as to secure 
coiulensatioii. 

Carbon disulpliide is a clear liquid wliicli lias a high 
refractive power. It boils at 4()^.2. Wlien pure it Las 
a pleasant odor, but if kept for a time, particularly if 
w'dti'V is ])resent in the vessel, it undergoes sliglit decom- 
position, and products of (‘xtremely disagreeable odor 
aui formed. It can gen(‘rally bo freed from tliese by 
slialdiig the liquid with a little mercury and then redis- 
till iug. It burns readily, forming carbon dioxide and 
sulphur dixoide ; 

CS, + 30, CO, + 2SO, . 

lu uitric oxide it Inirns with an intensely brilliant tiame, 
as cun be shown by tilling a cylimhu- with the gas, adiling 
a few drops of tln^ disulphidi*, shaking and tluui npply- 
iiig a llame. A t‘olumn of brilliant llame rises from the 
mouth of the (jyliiuh'r for an instant. A lamp has been 
const rin-ted in which this llaim^ is utilized It is of 
special value in photographic work, 

Carhon ilisulphide is only viu’v slightly soluble in 
water, and is d(‘compos(Ml by it only very slowly. 33ie 
^lisnlpliide is an (‘xcidlent sedvent for many substances 
wliicli iire not soluble in wat»u‘, as, for example, fats, 
U'siiis, iodiii(‘, and one of tlu' modifications of sulphur 
ieid (it ])hospliorus. The solution of iodine in it has a 
kcautitnl vioh't color: and whim a water solution con- 
1‘iiniiig a liith^ fre<^ iodine is shaken witli carbon disul- 
the latter acipiiri'S a violet color and separates 
^J^dnw the water. 

Inn the vajiors of carbon disul[)hi<le and hydrogen 
^'dpldile are passtul togidher over heatml cop]Hn‘, mefhano 
and cuprous sul])hide ari' forimnl, as has been stated. 
^I' tliane is jilso formed when the vajiors of carbon disiil- 
plndc and of water are iiassml over ignited iron. AVhilo 
“ disulpliido is not easily decom])osed by water at the 
'Hilary temperature, the two compounds react when 
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heated in a sealed tube to 150^ the 2)roducts ear 

bon dioxide and liydrogen snl])]iide : 

CS, + m,0 :rsz Ci\ + 2Tr,8. 

Carbon disulpliide linds extensive a2)})li(‘ati()n us a 
solvent, and it is also used for the purpose of desl lovinir 
2 ^lujlloxcru^ the insect which is so destiaictive to 
vines, particularly in the wine districts of Fr.inci'. 

Sulphocarbonic Acid, Thio carbonic Acid, H,CS,.- Salts 
of this acid are fornnal by dissolvin;^ carl)on disul pliid,^ 
in concentrated solutions of the h ydrosulphides. dims, 
wdien it is dissolved in a solution of sodium hydrosultiliide 
this reaction takes [dace : 

CS, -f 2NaSil Na,CS 3 + H,S. 

The reaction, as will be Sium, is ])erfectly analoLtoiis to 
that of carl>on dioxiih' u})on a solution of sodium 
hydroxide : 

CO, 1 2Xa()n = Na/dO, + 11,0. 

The salts of sul])hocarbonic acid are easily dts om- 
2 :)Osed by water if tln^ t(‘in])(U‘atur(‘ is slif^htly (devut^d, 
the [)roducts bein^ the corresponding carbonates ami 
hydrogen sulphide: 

Na^CS, + dH,0 Na^CO, + 3H,B. 

When a sul})hocarbomde is treated with cold ilihito 
hy<lrochloric acid, the, (wo acid separates as a dark yel- 
low oil of a v(U'y disagreeable odor. This laaidily 
undergoes ‘ decomposition into carbon disul 2 )hich' ami 
hydrogen sul[)ldde : 

H,C8, --- C8, + 11,8. 

This reaction is again perfectly analogous to the decom- 
position of ordinary carbonic acid into caiboii dioxide 
and water. 

Oxysulphides. — Products intermediate between 
bouic acid and sul 2 )hocarbonic acid are 2 )ossible. Suclw 
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for oXHinple, are tlio compouiuls represented by the for- 

iiiuliis 00 I , 08 I , ete. 

Sulpliocyanic Acid, HCNS.- Just Jis tlie cyanides take 
iij) oxyj^'cii and are ceuvfndtHl into cyanates, so also tlu^y 
take u[) sulpliur and are c*onv(‘rt(Ml into sulpbocyanates : 

K(^N - 0 ^ K(;xs. 


])\ snsp(Midin<4 in nater a salt of tlu‘ acid, the metal of 
wliieli forms an insoluble snlj>hid(‘ with hydroj^uui snl- 
jihido, and passinj^ this «j;as throup;h the liipiid, a 
siihition of the acid is obtained. When the solntioji is 
Itollod tin', acid passt's t>ver partly nnehani^ed, thoneli a 
part is d(n‘ompostMl by tin' water into carbon dioxide, 
(.arhon disulphide, and ammonia : 

2 1 IONS -\ m,i> ^ CO, t 


Tin' ammonium salt of sulphoi-vanic acid is formed by 
(lissohin^^ carbon disul[)hi(h' in an alcoholic solution of 
aiaiinmia : 

CS, -t - 4NH, :r=. ^NHdCN8 + (NH.YaS. 

Constitution of Cyanogen and its Simpler Compounds. — 
The compounds of cyanogen show, in general, a remark- 
ahh' similarity to the com])ounds of tin' chlorine groiiy). 
Tli(‘ hydrogen compound is a monobasic acid and forms 
a scrii's of salts, tlie n/ajiiifrs^ wTiich in general are ana- 
Icgous to the chloride's. (h)in])aving the cyanides with 
tlic chlorides it is ch'ar that in tlu' former the group (CX), 
r»i’ the cyanogen grouj), ])lays the same part that the atom 
clilorhie plays in the chlorides : 

H(CN) HCl 

K(CN) KOI 

Hg(CN), HgCl, 

also cyanic acid and hypochlorous acid are analo- 

k^oiis : 


HO(CN) HOCl. 
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This relation suggests that which is observed befcwi 
the aininoiiium compounds and those of potassium and 
sodium. Tlie cyanogen group is evidently univalent, 
it combines with one atom of hydrogen, one of poiassiiin^ 
etc., and tliere are two ways in wldcli we can com eivo 
the atoms carbon and nitrogen coml)ined to form a iini- 
valent group. If the nitrogam is trivalent and the cai lMai 
(piadrivahmt tlie stnictiua* is that r('pia‘sent(al b) tli(> 
formula -C N. if, on the otlier hand, the nitrogvji is 
(|uin(|uivah‘nt ami the carbon (juadrivahmt tin', strm liiii' 
is (\ X-'. l>y combination of tlu' lirst grou[) with hvdio- 
gen a compound of the strueture H (' N would la'siilt 
while with the second grou)) tlie structuia' of the lodio- 
gen com})ound wonhl b(‘ (’ X-H. Jii the one ease tlio 
liydrogmi is in combination with carbon, in tln^ other witl 
nitrogen, it a]>])mars probable that in ordinarv ]i\ die 
cyanic aeid tin‘ hydrt)gen is in cond)inati(m Avith carlieii, 
th(‘ structure Ixdng li t’ Xd 'This is in accordance willi 
th(‘ formation of the acid bv th(‘ action of ammonia njteji 
chlorofoian, which is most rmadily iimhu'stood on the as- 
sumption that th(‘ tliri'c^ .atoms of chlorine are n'plao i] 
by an atom of nitrogen. It h.as not la'cn ])ositivelv dr- 
teianiinMl which of tin* two jiossibh^ structunas ahmo 
givmi the cyanogen group has in cvanic* acid. In eiio 
case tin; acid wonid ha\a‘ th(‘ structuri' X (—Oil; in 
other it would be O X Oil. It may also lu' () (' Ml. 
There are some rmisons for belii'ving that th(‘ ordinary 
cyanati's an' derivc'd from an acid of the structina' ivyc 
resented by the last formula. 
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ELEMENTS OF FAMILY IV, GROUP A: 

SILICON— TIT AN 1 U M—ZiUC:ONT U ^M-- GERl U.M— THORIUM. 

Gonoral. — AVliilo tlie olomoiits of tliis ^roiip in 
r(‘S)H‘c‘ts (ixlul)ifc reseiiiLlaiuu's to (.'arboii and bear to it 
rrlntioiis similar to tliosi^ wbieli tlie members of the 
rliloriie^ ji;ronp l)ear ti) lluoiiiK^, the members of tlie sul- 
<^rou}) to oxy^fMi, and tli(‘ numdxn’s of the phos- 
jilidi iis ‘j;rouj^ to nitrogen, yet betwetoi them and carbon 
tlieix* vire some rmnarkable dillereiices. All the members 
of the i^roup I'xci'pt titanium combine uith hvdro^um, 
TIh^ compounds formed havi' tlu' foimiuhis SiH^, 

C(dl,^, Mild Tlill,. Tin', ])o\ver to form homologous seric's 
Avliicli is so charact( 0 -istic of carbon is entirely wanting 
in the otli(*r im'iiilx'rs of the grou[). A\ ith tin* imnulx'rs 
of tli(' chloi’im^ grou[) they all lorm compounds aiialogons 
to carbon tetrachloride, ('xamples of wdiich are: 

SiCl,, TiCl,, ZrCl„ Cel\, ThCl,. 

Ooin|)ouiids analogous to hexa-chlor-etliane, Cj(d,, to 
t' ti a-clihir-ethyleiie, C,C1^ , and to octo-chlor-propane, 
t ',bl„, are : 

Si, Cl. Si,Cl. Si,Cl. 

Ti,Cl. Ti,Cl. 

All the elements of tlu^ group form oxygen compounds 
aiiahjgous to carbon dioxitle. They are : 

SiO„ TiO„ ZrO„ CeO„ ThO,. 

Tlie first three are acidic, and form salts which in com- 
P*’siti()n are analogous to the carbonates. These are the 

( 409 ) 
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silicates, titanates, and zircoiiates of the general formula- 

]M,8i()3, 

Cerium iiiid tlioriiim oxides are basic*. These huts 
suggest the rchatious betwcaui the memlau-s of tlu^ j)li<),s^ 
])Iiorus group. TJie oxides of the last two lueiiila is. 
antimoiiv and Ihsmuth, pin' basic, altliough the o\i,l, 
ot aiitiiiiony is also acidic in its conduct towards tlic 
stronger liases. 

The compounds of sili(*on are very abundant in nature ; 
those of the other iiH'jnbers of tlie group are rane 

Sir.Kox, Si (At. ^\t 28.18). 

OccurrencG. — W (* liaxc' ab’eadv sei'ii what an exceed- 
inglA' iiii portant paid carbon ]>lays in animate natnre. !l 
is inten'stiiig to note* that silicon, winch in sonu' n'S])ect;. 
from a chemical point of view rc'si'inblc's carlion, is om 
of the most im|>ortant coiistitin'iits of the mineral or in- 
organic parts ol tin* earth. It occurs chi(dl\ in the form 
ot tin* dioxide, Si( commonly calh'd silica, or silicon 
dioxide*; and in combination with ox\g(*n and seve'ial ol 
tin* common nn*tallic (*lenn‘ids, particiilai ly Avith sodium, 
]>()tassium, aluminium, and cah*ium, in tine form of tin* 
,sih(‘(tirs. X(*xt to oxyg(*n, silicon is the most abundant ele. 
nn'id in tin? earth. There are extc'iisive niountain-raiig(*s 
consisting a 1 most entir<*l\ <d' t he dioxide*, SiO. , i n the* form 
known as qiKtrIz oi- ipiarlzilr. ()tln*i‘ range's are imnle* uj' 
of silicates, Avlde-h are* comjtounds fornnal by tin? com- 
biiiatiou of silicon elioxieh* and base's, 'Tin* e'la.v ot 
the* valh'vs ami ri \ e*r-bcds also contains silie-oii in 
large* epiaiitity, while* the sand fouinl so abiindaidly 
on th e* ele*se*rts and at tin* se*a.-sln ue? is large.?!)' silic'Ui 
elie)xi(h*. 

Preparation. — Silicon does not occur in nature in tin* 
free state. The oxiele, SiO,, Avhich is most abundant in 
the form of sand, is decomjiosed by heating it with pot'i' 
siiini or magin'sium, and silic.on is thus set free. ^Vln n 
magnesium is used the action is violent, and beside's tla 
silicon a compound of silicon and niagnesinin is formed 
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Bilicou lias also boen made by heating the oxide and 
cnrboii in tlie electric furnace, and by decomposing tlie 
chloride with potassium : 

SiCl, + 4K = Si + 4KC1. 

The best way to make it is by lieating together potassium 
tlaosilicate, K,SiF,, sodium, and zinc: 

TC,Sih, f 4Na = 4NaF 1- -f- Si. 

At the sani(‘ tinu^ tin' zinc molls and the silicon which 
s( |);ir:it('S (lissolv(‘s in tln^ niolt(m zinc. On ('ooling, ii is 
(i('[)()sit(‘d from tln^ soluli<m in Ix'antifiil ikmsI h'-sliaptsl 
( I N sta Is, aron ml which tho zinc s<hi(liti('s at a lowao’ t(mi- 
jti iatnro, l)y tia^ating the mass with h \ <1 roch hnic acid 
tli(‘ zinc is (lissoK od ami I In* ciysla Is of silicon ai’O loft 
l)('himl. \\ Inm ohlaimal h_\ r(‘(l notion of th(M)xido or tin* 
clilni itle by imaans of golassinm, it is a hrou n amoi’])hons 
j»()\\(l('r. If made l)v deia nii] >osition (d' ]»otassinni tiuo- 
silicate l)y aluminium, it is doposited from the molten 
:i!uininium in cr\stals somewhat l•(‘S(md)ling gi-a])hiit‘. 
Just as tlnn-o ar(^ thro(' foians of cai’hon, th<‘ amor|)hous, 
yi':i pliito, and diamond, so th(‘r(‘ ar(‘ thr('(‘ con'(‘S])onding 
forms of silicon, th(‘ amorphous brown ])owder, tho 
n aphitoidal, and tlu' ihmmIIos. d'ho aim)r])hons variety 
i^ coTiverted into crvstallizod sili(‘on by continued heat- 
at a higli tom peratnre. 

Ainoi phous silicon acts n])on hydrofluoric acid, form- 
ing silitam tidrallnorido, Sih",,and s(‘tting hydrogen free: 

Si 1 IHV Sil VI 2H,. 

la this riaictioii it (‘xhibits om* of tlio ])ro])ertios of a 
has(‘-f()i ining elennuit. d'owards ollnu* acids, however, it 
iadillerent. It is not actiul n])on by snl])hnric acid, 
J"" hy nitric acid, nor nr///rr mjia. It dissolves, however, 
potassium hydroxide, forming potassium silicate, in 
diis case acting like an acid-forming element: 

Si f 2KOH + H,0 K,SiO, + 2H,. 
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This form of silicon also burns in the air, formiii- iho 
dioxide. 

Crystallized silicon, on the other liand, does not hum 
in oxygen at the h.^ghest toinperatiires. It, howev(n-, i,u 
duccis carbon dioxide and decomposes carboiiab's ;i( ^ 
liigli teniperature. it is also oxidized by a melting nhx- 
ture of potassium nitrate and tlu^ hydroxide or carboiiati'. 
It combines with nitrogen at a high t(mi[)eiatiii e. 

Doth the gra[)hit<hdal and iietMlh'-forimal crystals nf 
silicon consist of n^gnlar octaln'drons. J>oth foiuiis liava 
a hlaclvish-grav color and a nu'tallic lnstr(‘. 

Sdicon Hydride, Sill,.— 'I'his gas is obtained nii\(Ml 
with hydrogen when a compound of magnesium and sili- 
con is treatcal with hydroc hloi ic acid : 

IMg.Si -1- ilici ^ SiH, + ‘2:\rgCl,. 

Thus made, it tabes fire when it comes in contact with 
the air, and the act is accompanied liy ex plosion. 
products of its combustion ar«‘ silicon dioxnh' and wattua 
AVhen |)ur(^ it forms a colorh'ss gas which doi'S not tala^ 
lire spontaneously in tin air at lln^ (ii’dinary tempm'atnic. 
If it is dilut(Ml with hydrogen, or if it is Inuded, it docs 
take tire. AVhen Imrncd in a, cylimlt'r or narrow tnhc, 
so that free accc'ss of air is not possihhg amorphous sili- 
con is deposited n])on the walls of tln^ vi^ssel. 

Titanium, Tn At. Wt. 47.70). --Titanium occurs in naiiiro 
as titanium dioxido. Ti( in three distinct forms, kiioun 
as rutile, hrookite, and anatast' ; in comhinatioii with non, 
as titaiiihn-onr, iron which contains fm-roiis iitaiialc, 
Fe,TiO, ; and in a, nuinlx'r of iron ores and rare iniin i.i >• 
The elmnent is ohtaiinMl in tin' fn'o states hy decomposing 
y)otassium tlnotitanate, l\./lif\, with potassium, .1”^^ 
silic-on is obtained hy d('eoni})osing ])(dassinm tluosi n <> > 

K,SiI\, with potassium or sodium. Jt Imnis wln'ii In'nl^ 
in the air. It acts upon wat<‘r at lt)0 , causing tin c\< 
tion of hydrogen. It is dissohaal hy hydrochloric ucu , 
forming the chh)ri<le, d'i./lk.. At a high tempeaatui 
unites directly with nitrogen as silieon does, iitaiu'i 
d(;es not form a compound with hydrogen. 
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Zirconium, Zr (At. Wt. 89.72). — Tli(i priucipal form iu 
/ircoiiium occurs in luituro ic jis zircon, wliicli is a 
silicate of tlio formula ZrSiO^, dcu’ivcd from normal 
silicic acid, Si(r)lT),, l)y tlio rc'^daccmcnt of tlu' four liy- 
(li()-'(*u atoms by a ([uadi’i valent atom of zirconium. The 
is obtaimal in tlu' fri'c (‘onditioii by (h'coiuposin)^ 
potassium iluozirconatc' by hoatfn^^ it with aluminium to 
a Imdi t('mperatu r(‘. in this way it is obtaimal in crystal- 
]l/,('(l form, somewhat la'somblin;^- antiimmy. It does not 
1)11111 in the air. It is dissolviMl by hot concc]iti'at(*d hy- 
(li'ochloric acid, ami when hratod in a curnmt of hvdro- 
cliloi'ic acid ;j;as. 'The prodm-t is tin* tid rachlorido, ZrCl , ; 
and tin* same coinpouml is formed wlien chlorimi acts 
diri'cl 1\' u])on zireonin m. 

Tliorium, Th. (At. Wt. 2^0.87). — 'This ('lenient occurs 
principal! V in tlie mim'ral thorite, which is ('sseiitially a 
silicate of thorium, TlnSiO^, analogous to zircon. It is 
chtained free by tia'ating the chloride with silicon or 
perassium. At high tem[>('i’atur('S it burns in' the air, 
ferining thorium dio\id(‘, 

Ceriuin so mmdi restunblos tin' two ('h'ments larithanuni 
and didymium, that although it falls in tin* same group as 
silicon, and la'sc'inbles tin* eh'iin'nls of this group in sonn' 
i(‘sj)<'('ts, it s('('ms ad \ isablc to postjnme its study until 
laiitlianum and didymium an^ taken up. 

CoMPOUNDV; OF I'llF iha - M I’.N'I'S OF TllF SuaFON (lUOUF 
Wll'H 'I'llOSK OF lilF (dtl.OlilNK (dllOFF. 

Silicon Totrachlorido, SiCli. This (‘ompound is foiuned 
■wlicii silii'ou is In'atc'd in a curii'iit of clilorimg and by 
passing a eurremt of drv (dd«)iim‘ ovi'r a. heatt'd mixture 
"1 silicon dioxiih' and carbon. rndei’ tliese hitter cir- 
ruiiistaiKH's the following ri'aclion ta.k(‘s plac(' : 

SiO, -1- 20 1- 2('l, -- SiOl, -I- 200. 

(airl)on acting alone iijion silicon dioxidomannot reduce 
d, nor has chlorine acting alone the power to convert it 
into the chloride. AVheJi, however, carb(3ii and chlorim' 
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act to^t'ilicr both reactions take j>lace. I'he tc'ti.e 1,|,„ 
ride is a colorh'ss litjiiid. It is dtH/ompostal In 
foriiiiiiL;' silicic acid and hvdrocldoi'ic acid. Tlie r(‘aci j,,a 
|)rol)al)l\ lak(‘s |)lac(‘ as r(‘[)res(‘nt(‘d in the follow in, r 
t-tjiiation : 

Sid 4 4114 ) sitOH). I 4Hd. 

rin' normal aci<l thus fornnal i)r(‘aks down vc'ry I'eadilv 
howevm-, formiin; tin' ordinarv acid ot‘ tii(‘ fornmla 
Si()(()ll)., or ll.^Sit),,, corresjiondinj^ t<' carbonic, acid 

iU’O,. 

Silicon Ilexacliloridc, Si, Cl.,, is torined wlieii silicon 
trd rach lorid(“ is heat('d with silicon ; 

i»Si('l^ : Si ‘iSi.d^, 

When heatf'd to a sniheientlx hie;h t^mi j)oratnr<' it is do- 
coniposed, vieldine silicon and the t(d racdiloriih* : 

'dSi ( 'f. dSit '4 I Si. 

Water dec(nnj>(>ses it, loinniiie, the corr«'S|)ondin^‘ lix- 
droxvl deidvative, which los(‘s watim and forms tlu' acid 

Si,/ MOIL), : 

si ri, : t;n/) ~ sijo If), j i;Hd. 

Si M )[I I. Si/)J()1I I 211,/). 

ilio ])rodnct is a disilicic a<-id, in soim' iM'SjK'cts an:d<e 
gons to disuljdiniic acid. 

Similar eomponnds of silicon with 1)roniin(‘ and ioditi'* 
are known. 

Silicon Tetrafhiorido, SiF,.— 1’lds is one of tin' iii<»st 
iMter(*stinn; of th(‘ comj)()nnds whi(di silicon foi'inswdh 
the 

nienil)ers ol l‘aind\' \ If. It is made bv tit itm.i^ 
silicon dioxide with hydroilnoric acid. 44iis action i> 
>ecur(‘d by treatin;^ a mixture' of silicon dietxide (samli 
and calcium tluoride (fluor-spar) with conce'iitrab'd s'd- 
pliurii; acid, x\[]ien two reac-tions take place : 

(VF, b lf SO, (kiSO, -f2HF; 

SiO, f 4HF 2H/) 4 SiF,. 
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Till' tiTiatiuurulc eseapi^s as a L'(jlorl(‘ss ^as, which forms 
tliii lv Vloads in moist air on acc(juiit of the action of 
water upon it. 

\\at(‘r (Iccompost's tlu‘ hTratluorulc, as it docs th(‘ 
ti ti :ie!dorid(‘. Tlu'- lirst action [iiohal)! y consists in tlu* 
I'oniiation of normal silicic* aciti and hydrotluoric- acid, tlic 
iioniial acid tJuui bnaddnj^- down hy loss of wahn* and 
yii ldiiig tlic Oldinary lorni of silicic acid; 

SiF. j 111,0 SiiOH). ( IHF ; 

Sii^OlI ). ^ SiOtOll y j llj). 

Tilt' silicic acid thus form(*d s(‘parat(‘S as a ^(dafinons 
mass. At the saiiu' tine* tlu' hvdrolluoric acid acds upon 
sniiK' of tlic^ silicon tet ratlnoihle, forming' the com])ound 
fhiosilicii' (fcid, which has tin* formula H..SiF,, : 

SiF, [-2111' H.,SiF., 

T’lu' coni])l(de action may he layna'scmted in on(3 eipia- 
tioii, as follows ; 

;iSil'\ 1 dlFO ThSi(h : 21FSiIv 

Tlic lluosilicic acid rc'inains in solution in the water, and 
hv treating this solution with cai4)onat(‘s or hy droxidc^s 
ef the nitdallic (‘hniuMits t he salts known as tln^ iluosili- 
rates are ohtaiiKMh 'Tin' solution of the acid can he con- 
rniliati'd to a c('rtain extmit in a platinum vessel, hut it 
hit aks down into silicoi. tetralluoride and hydrolhioric 
■'eid when it hecoines concentratcMl. If more ])otassiuin 
h\ili(»\i(h* than is la'nninMl to mmt rali/.e t he acid is addtul 
t" till* solution, (h‘com position ensues, with formatiem of 
^ilii'ic acid : 

Tl,SiF, 1 dlvOH C.KF f f- ;ilT,(h 

h\ watm* alone, howewer, the acid is not d(H‘oin]a)sed, 
'“'d the, salts are fairly stahle. \\ Inm luxated, the salts 
!4iO' oil silicon tetrailiioridc', and fluorides are left hehiiul: 

Iv,8iF„ .. 2KF 1 
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Constitution of Fliiosilicic Acid. — Attontioii lias jiIk ;ujy 
been called io the fact that lluosilieic acdd and silicrc ;u.i‘[ 
seem to be analogous siibstaina's, and that iiu‘ hiiinci 
inav be rei^arded as ilerived Iroin tlni latter ])v tl]( sub. 
stitntion of six lluorino atoms for tlie thrcu; ()\v^(Ui 
atoms. Aei'oi'din^ to tliis, lluorino has a valence hiy^^her 
than one, and this a(*cords witli tin* tact that at tlu' lu- 
dinar\ ttnn j)ei‘atiir<‘ tht‘ density of hydrofluoric acid is 
‘^ctsatcr than that. r<‘(jnir(‘d 1>\' tin* torninla, 111. Assiiin- 
iiiK, th(*n, that tlnoiim* may act as a bivah*nt or a tti- 
valmd. eh*nn*nt, and for tin* present purposi* it is iiiiiua- 
ti'iial which vi(*w is taken, tin* relation b(*t\ve«'ii silicic 
acid and lliiosilicic acid is shown lo the following; tor- 
mn las : 


0-Si- 


O-H 


OH 

Silicic .-iciii 


K-Si. 


F 1' 


\\ Si< 


V V 


|-'lu<»silicic acid 


It iscomnioiih ln*ld that the acid is a “ <lonbh‘ I'oiii- 
j)oniid ' made b\ ( In • n n i* m ot one molecule ol si licon t et ra- 
il nor i<h.* w itii two niolreiiles of 1 1 \ < I roll iio I' i(‘ acid , a lid rep- 
resent('d bv the foiminia Si 1 1 k’. ddi is is not e\ I'li an 
att(*m])t at an <‘xplanation of Hk* fact t liat tlie eomposilina 
of the acid is so sindlar to that of silicic acid. 'I'lie alx'o- 
(‘Xplaiiatioii is, howe\<‘r, in aceordatna* with tin* comix'si- 
tion of a lar-e mitnbei- of similar “ double c( ini pon mis,” 
in which not onlv tlnorine, but (dilorine, brondne, ami 
iodine elite!'. 

Titanium Tetrachloride, TiCb, is fornnal b\ the diiect 
aeti<'n of chlorine on titanium, and also b\' passiiiy hip 
chlorine, over a, mixture of carbon and titaninm dioxi'bc 
It is, like silicon tetmddoridi*, a liejnid. It forms cim- 
talli/ed Ciinipoumls with wati'r. When heated witli 
water it is decom pr)S(‘d, yiehlin<j; titanium dioxiih* ami 
liydiamhloi ic acid : 

Ti(d, I 2Ff/) r. TiO, I IHCl. 

Titanium also forms with chlorijic the compounds 4 i t f 
and Ti,Cl^. 
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Titanium Totrafluorido, TiFi, is formed in tlie same 
as sili(*ou tetratliioridis by ir(aitiii;j; a mixture of 
titaiiiam dioxidi^ and lluor-sj>ai‘ Avitli coueeutratc'd sul^ 
jiliurie acid, and by dissolving titanium dioxide in liydro- 
tliioric acid. When treated with watm* it f' u'ms a com- 
j,t, 1111(1 analogous to tluosilicit* acid, called Jhiotifanic 
(trill, K/riha. whicli yields well cliaracterized salts, the 

[(lll,fil>llUl((‘S. 

Zirconium Totrachlorido, ZrCl,, is not comphdely decom- 
bv wat(‘r, only half the chloi imi Ix'iiig replaced by 
(iwi^cn, forming a })roduct, zirconntni o.rtic/iloride^ ZrOCl, : 

ZrCl, 1 11,0 ^ ZrOd, ; 


Tills is ill accov<la:ic(' with th(‘ fact that zirconium acts 
;is a hasi'-forining as wt'll as an acid-forming ehnneut. 
Till' chloridi^s of silicon and titanium ari^ conijtletely de- 
coiii j M )sc( 1 bv watm , as tln'V ai’(‘ acid-loianing. 

Tlic trf rtifl noridr of zirconium is (tbtaimal from zircon 
or zirconium silicate bv mixing the limdy powdered 
iiiiiK'ial with thior-spar ami ]*assing h vdrocddoi’ic acid 
yas ovi'i’ it at a high t('m[)«'iature : 

/iSi( ‘i( ’ah, f- ‘2H(T : ( a( 'L p ( aSi( ), -f Zrh\ d ■ H/X 

With nietallic thn>ritles tin* t(‘t ratlin >ride forms salts of 
// 'o;./ /V‘o/oc (ti'iil, li„Zrl'\, analogous to lluosilicii* and liuo- 
titaiiic acids. 

Thorium Totrachlorido, ThCl,, is not dtH*omposml by 
^vatci’ at ttn‘ ordinarv tmn jierat ung hut if its solution 
is i va|)oi’at('(l to dr\ ness h vd rochloric acid is given otf 
<nid thorium dioxiih' is hd’t : 

Th(T. ! 211,0 T'hO, : 11 in. 

Thorium Totralhiorido, ThF,, is (uisily mad(' by treat- 
tli(v t(draehloridi‘ with h vdrolluoric- arid. A\'ith ]’)0- 
*-'^^iiim tluoriih^ it forms a salt of the formula. Iv/Thbd, 
*’!■ i>nl(iss)i(})i fl noi Jioniir. TTie chloride also forms a simi- 
^ salt with potassium chloride, pdassinia chlorthomte^ 
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Comparison of the Chlorides of Family IV with those 
of Family V. — In stndyiii^ tlio olilorides formed })y 11„. 
nnmibers of tlie. phosphorus group it was found that I ho 
chldihles of ])hos[>horus are readily deeom])osfHl hy watte, 
forming the (*orr(‘spoiiding acids, and that tlie sanu' is 
true of tlu‘ ehlorid(‘. of arsenic ; })ut that tin' trichloridi^s 
of ■ antimony and bismuth are only ])a.rtly decompost'd 
l)v water, yielding oxychlorides. In tlie silicon group 
we find now similar dillenmc(‘S between the menilx is 
Avith low atomic weights and those with high atomic 
Aveights. The chloride's of silicon and titanium are' c<»m- 
plett'ly (h'compose'd by water at the ordinary te'mpt'ia- 
ture, Avhile that of /arconium is only half (h'compostxh 
and that of thorium is not (h‘com])os('d ('\cet)t at Idgh 
tem})eraturc. 

CoMPouNos OF THE i\[EMin:us OF riiE Siiaeox (lianT' 
WITH OXYOEN, AND \VI I'll OXVOEN AM) II V 1 )KU(i EX. 

Silicon Dioxide, SiO,.— 'This compound occurs veny 
abundaidly in nature' in many diliere'ut forms, both ciys- 
tallize'el and amorphous. <^)uartz is a form e)f e'lystalli/j'd 
silie'on dioxides whie'h is found ve'rA' wieh'lv elistiibnled. 
It crystallizes in the^ he'xagonal svste'iii in prisms and 
pyramids, the ciystals sonn'time's attaiidng grenat si/e 
and be'auty. Aiiotln'r form of the' eoysta llize'd ea)in]toiiiid 
is that kneawn as tiidymite'. bike* epiartz it e*rystal lizt's in 
the' hexagonal syste*m, but the* eharaete'iistie foiiiis aie 
not the same as those «>f epiartz. l^dirthe'i-, it neaily 
always occurs in trij)h‘t crystals. ddie' tine*r e*rystals ef 
e]uartz are generally calh*d /v>r/,*-c>*//.s7e^ ; the e-rystal line 
yarie*ty in whie-h tin* e-j-ystals are* not we'll eleye'loped is 
called qnKrfzifr. d’he' ame)r|)he)us yaiie'tie*s ed* silicon di- 
eixide fn'epu'ntly eendain wate'r in e*ond)ination, or, I’atlmr, 
tln^y are hydroxieh's of silie*e»n. bxamph'S wf tln'se' torins 
are opal, agate', amethyst, e*a rne'liaii, Hint, sand, ediak ed- 
c)ny. SomeA oFfhe'se* are* e*e>h)re'el by small fpiaidilics of 
other substances coidaineel in them. Carne'lian owes 
its e*olor tej a ce)m])e)unel of iron, ])robab]y feuric oxide; 
Hint contains small quantities e)f organic matter, d’hc 
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specific'' gravity of tlio crystallized varieties is liiglier 
tliiiii that of the amorphous varieties, and tliere are also 
some clieiiiical differences t)et\veen them which will he 
ri ftured to l)(dow. 

Pure silicon diovide can he nnuh^ hy melting sand or 
a limdy powderc'd silicate with sodium carhonate, wlnm 
S()<liuin silicate is forimal. This is solulde in wat(‘r, and 
Avlaai hydl-ochloric acid is addcal to tlie solution silicic 
Hcid s(‘parates in the form of a gtdatinous mass. Jly 
(.vaporaiing th(‘ mass to comph*t(‘ <lrvn(‘ss, moishaiing 
^^ith coma^nlrated hydrochloric acid, and after a tiim^ 
tK'ating witli water, (nervthing dissolve's except silicon 
dioxide, which is peu’fecUy pnn‘ and in a vt'rv linely di- 
vidc'd state'. It can also he ohtaim'd pure' hv passing sili- 
con te'trafhieuide into water. As we have seen, a form 
of silicic aedd separate's undei- these circumstances. 
This, wlien filtered, elided, anel ignite'd, yie'dds perfectly 
pure' silicoi; elioxide. 

Properties.- Silie*on dioxielc is insol uhle in wate'r and 
in most acids. It elissolves, howe've'r, in h vdredluoric 
acid, forming the tetratluoride'. It re'epiiivs the te'm])e'ra- 
tni(' produce'el hv the eixyhyelroge'U hlow-pipe to nu'lt it. 
d’lie' amorphous varie'ties Jire' more' easily ae*teel u])on hy 
othor suhstane'e's than the crvstallize'd. dduis, hyelro- 
lluoiic ae'id ae'ts much more re'aelily upon them. \\ he'n 
th.' amorphous ce)m])ounel is Ixdh'd with solutions e>f 
])otassium or soelium hvelroxide*, e)r of the' carhe)nate'S of 
these metals, it dissedves, forming t In' c'e)ri*e'sponeling sili- 
cate : 

K,C(), 4 SiO, K SiO . ! CO , ; 

2K()IT 4- SiO, K SiO, I 11,0. 

I he cry stallize'el varie'tie's ai’e' ne)t elissolveel in this A\ax. 
All forms e)f the' elioxide ae t upon me'lting liyelre)xiele‘S e)i 
e'aihonates of ])otassium or se)elium, anel^forin the ce)iie^- 
>^ponding silie*ate's. 

Uses. — Plants take' u]) silie'on elioxielo from the soil, 
and this being elepe>site'el in various part of their tissues, 
yiv('s the'in the necessary firmness. Straw, fe)r example', 
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is rich in silicon dioxido. Horse-tail, a plant of tlh 
genns Kquisetnm, is so rich in tiindy dividcul silicon di 
oxide that it is used for ])olishing. There are gre.it 
natural d('|)osits of tinely divided silicon dioxides knov n 
as ivfnsnriitl mrflt. This consists of the remains of dia- 
toms. And llnally silicon dioxide is found in the hair, 
in feathers, aanl in egg albumen. Sili(*on dioxicha tinds 
extensive application in the manufactni e of mortar, glass, 
and })orc(dain. Ordinary glass, as avo shall see, is a. 
silicaie of calcium and potassium or sodium, Avliii li is 
made by imdiing togetlnu* sand and the carbonates of 
the metals mentioned. 

Silicic Acid. — ai'e many vari('ti(‘s of silicic acid, 
all of whudi can, liowa'vor, bi^ ladbiavd totin' tfonintl dad, 
Si(()H)^. This jiormal acid is not known in the trci; 
stati' in pure condition, but il is piobably contaiiu'd in 
tin' gelatinous ])i-eci}dtat(' whi(di is formed wlnm silicon 
t('tra(ddorid(' or tc'tratluoihk' is d('com})osed by water: 

SiOl, 1- 111,0 - SiiOlli, 1- IHOl. 

This canin»t, how('V('r, Ik' isolatc'd, as, eAS'n 1)V standing, 
it los('S a iindi'cnle of wat('i‘, and pass('s into tlie Ibriii 
IhSiO,: 

Si(0JI\. ^ OSi(OHb 1 11,0. 

This is tln^ form from wld(di most of the ordinary silo 
cat<‘S ar(' deri\(‘d. It cannot b(' is(dat('d in pure con- 
dition, for win'll iiltor(‘<l oil ami o\|)oso(l to tin' air it 
]oS('S more wafer, and when ln‘ab'<l to a sullicieiitly liigh 
tem()oratur <3 it is coiuautml into silicon dioxidm 

OSi(OII ), . : sio, f 11,0. 

Wdien ])otassium or sodiiiin silieati' in solution is tre.itcd 
w ith 11 \'dr()cldori(^ acid, most of tlm silicic acid scjiaral* ^ 
ill the form of a gi'laiiiioiis mass if the solution is c'>'i 
coiitrated. [f, ho\vev«'r, tln^ solution is dilute, a coiisid 
('lable ])aat of the acid remains in solution. Furtln'i’, i! 
a concentrated solntion of the silicate of ])otassiuin oi 
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sodium is poured (piiekly into liydroeliloric iieid, or ii 
tli(‘ is poiiKMl quickly into tlu‘, solution of the sili- 

cate', the silicic Jicid nun.-iins in solution. If, however, the 
solutions are brought together drop by drop the silicic 
acid separubes. hroni these solutions of silicic acid ain- 
ijioida or ainnioniuni carbonate' throws down the acid. 

A solutioji of pui«', silicic a,cid can la^ obiaimal by 
jiKcaiis of (/e/b/.su.v. Jt has bc'e'ii found that solutions of 
(lillhreud substances })ass with dilh'rc'jit d('gi‘<'('S of ease 
ilirougli porous me'ui braiu's, just as gase's ditler as re- 
•^ai'ds ih(3 east' with whiedi tiu'y ]>ass through porous dia- 
phragms, d'his fact com-erning gase'S was re'tei-red to in 
ronmndion with hydroge'U. Now, whih' sonu' solutions 
pass re.'adily through parchnn'iil pap<*r, otlu'i'S ])ass 
through with difticulty, and sonn' do not pass through at 
all. A dmhjscr, or an apj>aratus us<*<l in dialysis, iua\ l»e 
made by tying a pit>c(‘ «»f paiadinnuil pa p<'r ovei- tlu' inoutii 
et a, ring- lor lin'd glass oi‘ jai bber vessed, and placing this in 
aiiotlu'r slialhov \('ss(‘L Ihire water is put in the outer 
vossc'l, and th(‘ solution loi- hhalNsis in the inner one, 
Tiie arrangement is illust rail'd in t'ig. 13. 
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Tn the figure aa is the hoo]) of gut ta-]iercha, and h is the • 
p-‘irchinent paper. A hi'ii now the s<dution containing liy- 
‘I'o'diloric acid, sodium chloride, and silicie aeid is put in 
the dialyser,dhe h vdl’oiddorii* aeid and sodium eldoride 
P'lss n-adily through the memhrane, while tin' silieie aeid 
Is lelt b«‘hind,and in tin' eonrsi' of a h'wdavs, if the wati'T 
tln3 outer vi'ssi'l is ri'iiewed, tin* solutimi of silieie 
'•'■'d in the inner vessi'l will be fomnl to b(' free from the 
Ollier substances. This solution can In* evaporated to 
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some extent hy boiling, l)iit when n certain concentratioi. 
is reached the a(*id se]>arates. In a vacuum such a solu 
tion can be eva 2 )orated furtlier without tlie formation of 
a deposit. Finally, there is left a traiisparcmt mass whidi 
lias approximately the coiiijiosition represented by (lit' 
formula H..Si().j. d'he dialysed sobition of silicic acid is 
coagulated l)y a very dilute solution of sodium or })otas- 
sium carl)onat(‘, and hy carhon dioxich* itself. 

\\dien tliii solutions containing silioit* acid aia^ evapco 
ratcal to coniphdt' drvnoss tin* acid is c'onvtu tiMl i]ito sili- 
con dioxide and other insolubhi hydrates. This residin' 
is called .v///c/c nr/f/. A\'hen this is triaibal with 

hydrochloric acid and water it i tunains undissolved, niid 
if tillered oil* and igniti'd it h'avi'S a I'lnsidue of silicon di- 
oxide. To sum up, tlnm : W’hmn'vci' silicic acid is fornn'd 
in a solution it is a inoi’i' or h^ss coin[)lex derivativi' of 
Jiorinal siliidc acid, and is s<>ni(‘what solubh' iii wati'r, hut 
hy tin' processi's just dcscrilx'd tlu' soluhh' acid is con- 
verti'd into insoluhh' sili<‘ic acid, as explaiinal. 

Polysilicic Acids. Silicic acid is K'lnarkahle for tlu' 
gix'at numher of ih'iivati vi's which it yields. iMost of 
these h('a r to tin* normal acid n'lations similar to tliosi' 
■which the various lorms of phosphoric acid Ix'ai* to noi*- 
mal ])lios[)hori<' aci<l, and the various forms of ]X‘riodi(‘ 
acid to noimial periodic acid. It has ali-i'ady heeii stated 
that salts of the acid Tf.,Si(),, are moi’c' common than 
those of the normal acid. Among tin' salts of thenornnil 
acid are zircon, Zi’SiO,, and thorite, ddiSiO^. d'lie oi- 
dinai’y silicates of ]n)tassium and sodium aa*e (h'livt'd 
from the acid FT,,Si(),, ; so also are wollastoidte, (diSiO,, 
and ('iistatite, MgSiO^. 

Disilicic Acid is derived from ordinaiy silicic acid by 
loss of one molecule of water from two molecules of ihe 
acid : 


20Si< 


OH 

OH 


OSi< 

OSi< 


/ 


OH 

O 

OH 


+ HA 


Its composition is, therefore, H^Si^O^, which may b* 
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written O^Si^lOH),. Anotlier form of disilicic acid is de- 
1 ived from two molecules of tlio normal acid by loss of 
oue molecule of water : 


2Si(0H), 08i,(0H), + H,0. 

The well-known mineral serpentine is apparently the 
magnesium salt of this acid. It is represented by the 
formula iMg^Si.O,. 

Trisilicic Acids are derived from three molecules of 
the normal acid or the ordinary add by loss of ditlerent 
mimbers of inolecuh'S of water. Thus, by loss of two 
imdecules the normal acid would yield a t)rodiict l[, 8 i 3 ().„. 
By loss of two molecules of water this trisilicic acid 
would yield an acid of the formula Il^Si^O^. The struc- 
ture of the first acid is expressed by formula I, and of 
the second by formula II, below given: 


Si] (OH). 

Si (OH), 

0 

Si] (OH). 

I. 


lOH 


(OK 

Sijo 

Si- 

o 

0 



Si]0 

Si 


Q- 0 


0 


Si 

]0.A1 

II. 


m. 


Orthoclase or ordinary feldspar is the aluminium, 
potassium salt of the second form of trisilicic acid, in 
which one atom of hydrogcm is replaced by ])otassium, 
and thrcM) by an aluminium atom, as shown in formula 
111 above. 

Titanium Dioxide, TiOa. — As lias Ix'en stated, this is 
one of the jiriucipal forms in which titanium is found lu 
Haiure. Tliere are ilirei^ natural crystallized varieties — 
i'lilih', brookit(‘, and aiiatasi'. In oinhu' to ])re[)are. the 
]>ure. dioxide from one of the natural forms, it is melted 
ill linely powdered condition with potassium carbonate, 
lam it is converted into potassium titanate, K/IiO,,, the 
reaction being entirely analogous to that which takes 
place when silicon dioxide is treated in the same way : 


K,CO, + SiO, ^ K, 8 i ()3 rf CO, ; 
K,CO, i TiO, K,TiO, + CO,. 
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Wlien titjinic acid is pivci])itatcd from ji solution ,,f 
titaiiato it a|)|)cars as a h} droxidt', tlio composition 
^vllicll varies from T^()H)„ or iioruial titaui(; ucid, [,> 
IT..Ti,/)„ a, dititaiiic acid. Wlieii tlieso sul)staii(M's mo 
ignited they yield titanium <lio\i(l(n The hydroxidi s of 
titanium coiiduct thejnstdvc's soimovliat like those of sili- 
con. Tlno are to some extent soluhh' in wat('r, and wlioii 
tlx^se solutions (‘ontainini;' sulphiii'ic* acirl are nnicli 
dilutixl and hoilml, th<‘ titaidum is all |)r('eipita tral as ;i, 
hydro\id('. Titaidum dioxide huins sojik‘ salts witli 
acids, a mono- \\ hi(di the follow ino- ai'o ('xani ph\s Tii S( i 
aud Tit)(S()^). ddn^ fornn'r is normal titanium sul[)li:d(‘, 
the latter titaiiyl sul[diate, in whicdi the divalent i^roup, 
TiO, or titanyl, tak(‘s tin' ])lae(' of two hydi’oo('n atoms. 

Zirconium Dioxide, ZrO , is odtaiiu'd dy a ratlu'r (oin- 
plieated seri('s (d’ reactions from /ii’eon. It dissolves in 
molten ])otassium oi- sodium eardonati', forminp; the coi' 
responding zirconate, Tx.ZrOg. Tlio sodium salt of nor- 
mal zii'eoiiie acid, Xa^/iO^, has also Ixaui ol)tain(Ml. 

ddu' dioxide foi’ins salts with aci<l.>, anioiip; which two 
of tin'. sulphat('s arc' of spc'cial intei'c'si. Oin^ has (In' 
conipositioii Zi'St )^, and tin' ol In'i- Zr^(S( )^\^. ddie former 
is to 1)0 rcearded as tin' salt of tlnoacdd ()S(()IIh, forimd 
by sudsti tn ti jje ojK' atom of zirconiuni for tin' four atoms 
of hydroeen ; tln^ otln'r is the salt of normal su 1 })lni lir*. 
acid, S( OH ig , fcH'ined l)y sudstitutine zirconium for all 
tile hydroeen. 

Thorium Dioxide, ThO.^ , does iK)t form thoratc's as the 
dioxidc'S of tin; otlnu- memd<u‘s of tln^ eionp. It docs, 
liowevc'r, form salts with aedds. In these, thorium acts 
as a (piadri valent ('leim'iit. 

►Silicidea /u'c' compounds of silicnm with other eleimnds, 
as, for (!xamph‘, with cardon. Thesci two edommts com- 
ViiiK^ foi-mine an ('xtremely ind'ia'stin^ compound enrbai 
silindr, (J8i, wliicdi is manufaetnnMl on the laree s(‘alc ;iml 
know’ll in the market as arrhorundntn. This is nnnh' hy 
heating a mixture of cpiartz sand, coke, and conumm 
salt, or sodium chloride, in tln^ electric furnace to IlddO , 
wlien the reaction rejirc'seiited below takes place: 

SiO, + 20 = Obi + 200. 
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Tiie product is in the main crystallized, the crystals 
beiu^ bluish or ytdlowish-green. They have the specific 
gravity 3,22 to 3.12. The silicide is said to be colorless 
^vllell ])erfoctly i)ure. It scratches ruby and chrome- 
.slot'l, and ou account of its hardness it is iiiuch prized 
a, polishiii^^ a^uuit, ladii^^ used to a considerable ex- 
tant in place of emery. Pnn‘ car])on silicide is insoluble 
in nearly all ordinary soKauits, including hydrochloric, 
nitric, sul])haric, and hydrolluoric acids. It is, lunvever, 
(l(>r()ni])osed by fusing caustiti alkalies or their car- 
bonates. 

Many other silicides have been made, several of which 
are well cry stallized compounds. 

Family IY, (Iloup 13. 

Allied to tlie members of the silicon group, yet difier- 
ing from tlnMii in sonu^ important particulars, arc^ llie 
tliou' (diummts germaidum, tin, and hnid. Of th(‘se the 
litsl two ar(‘. more^ acidic in cliar;ict(U- than the last. d'lu'V 
coinl)ine with chlorine in two proj)ortions, forming tlie 
chlorid('S SnCl,, FbCl.,, (.led,, SnCl,, Fl)(d,. With 

exygen tlnyv iinit(\, forming Fne compounds CleO.,, SnO,„ 
ami I’bO,,. Stanidc oxide, SnO.., and lead pcu'oxide, l/bO.., 
tonn salts with bases, and llu'Si' havaa tin' composition 
!'('] ir('S(‘nt('d b \ t he getH'ra 1 form u las .M .,Sn( )., and M . I d >( ). , 
ami ai’(' tlu'ia'foia' analogous to tin* silicates and titamilt's. 
tin tlm otlu'r hand, finther, salts are known which are 
bt'iivt'd from tin' o,\ide bbO. Tln'S(' have tin' ga'in'ral 
ioiinnla iM„ld)(),„ and a*'!' to Ix' la'gaiah'd as salts of an 
arid, r])(( ddn'se salts an' ]n>t stable, and ar<* not 

iMsily obtaim'd. i\Iost of the di'ri vativc'S of It'ad are 
<k''S(‘ in whi(di it plays (he part of a base-foi'iniiig ele- 
iimiit. It will therefore Ix' bett('r to ])ostpoin' its study 
until it is taken up umh'r the ga'iu'ral In'ad of the base- 
hmining elements. Notwithstanding, furtlu'r, the marked 
analogy betwanui some of the comj)ounds of tin and those 
ul the rmunbers of the silicon group, it a])])ears on the 
'vliole advisable to treat of this <*lement in company with 
ad^ which it also resembles in many respects. 
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CHEMICAL ACTION. 

Retrospective. — o liavc Ix'oii studying tlie 2iniici})al 
eleiiionts of four faiiiiln^s and the eoinpouuds Avhieh tluy 
form with <uie aiioilier. >«'o matter liow simple or liow 
eomplex the elumiic-al ehangt'S studied wert', e(U‘taiu fine 
daineiital laws governing all i-ases of ehemieal aetiou wer(‘ 
found to liold good. 'l1u‘S(‘ laws iiave Ixam discussed, 
hut it will he widl to n'eall tlitun lu're before taking 
up other laws w liieli a l e intimately eonm'eted with tlunii. 
Tdi(^ lirst gr(‘at law of elimnical change is 

T. 7V/C h(fr i)f cnttservuiln)! of moss. 

Aeeoi’ding to this, the amount of niathu* is not changed 
i)V a (dimtiical act. 

'l’h(‘ second law is 

il. 7V/r' l(ur (f (IrJinHe proj)(trtio)(s. 

According to this, tlu'. com])osition of every compound 
is always th(‘ saim-. 

Idu^ third law is 

in. The lofo if multiple proport i<ms. 

According to tliis, the ditlerent masses of any element 
which comhine with a lixcil mass of another or others 
bear simpler ndations to one aiiotlmr. 

To accoiud for the laws of definite and multiple ]no- 
portions the ^Uomic Theory was proposed. 

Acs'ording to this, (‘ach (dmmud. is made up of particdc s 
of detinite weight, which are chemically indivisihh', and 
(diemical action consists in union or separation of these 
[)artich‘s. These hypotlndlcal jiartitdes are called ohmis. 
The (denumts must comhine in the pro])ortion of then' 
atomic weights or of sim})le multiples of these, if tl'<‘ 
atomic theory is true. 

Further study showed tliat it is necessary to assiinn* 

( 426 ) 
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tilt' exirtteucc of lar^or purtioL's tliaii tlio atoms, viz., ilio 
iiioleculeii. A(*(a)riliiig to tlio thoriry of molociiles, ovory 
clit'jnk-al yoiii 2 )oiui(l and elc^imait is mado up of moly- 
ciilt'S, wliioU arc tlio smallost partkdos liaving tlio sam(‘ 
o('iu'i‘;d pTo})(‘J'ti(^,s as tluj mass. Tlu'so molecailes ai'i" 
mado up of atoms '•Alncli, in tlna (aiso of compoujids, aro 
of dilforoiit kinds, and in tin' oast' of olc'un'iits, of tln^ 
saline kind. In tlio oa.so of a k'W ('h'monts tlio atom ap- 
jx'ais to 1)0 idmitinal wiili tln^ molooulo. 

krom tin', study of jjjast's tln^ <‘oindusion is ii'aclioil tliat 
ill ('(pial yolunn'S of all teases uink'r slaiidard conditions 
dll'll' is always tlio saino nundx'i* of moii'cnk's ( Avoya- 
(Iro’s law). Tins ^ivt'S ns a means of doti'i'ininiiyi;' tlu' 
ji'lalivo weij^liis of moloi'uk'sof « 4 ;asoous sid>sianc('s ; and 
from these molecular w^ei<j;lits it is jiossihlo to draw con- 
clusions in regard to tlie atomic w’oights of those elements 
which outer into the conijiosition of the comjiounds tlius 
sludied. 

d ill' formulas of choniical comjxmnds ar<' inlciidod io 
l»i' r formulas, d'ln'v aii' iidcndi'd totc'll of what 

atoms and of how' many atoms tlio moh'cnh's rc'pri'sentod 
art' mmh' U}). 

ddio iiK'thod of (h'toi-mining moh'cular w'l'ights hasi'd 
n}ion Avogadro’s law is applicahh' only to gasi'ons suh- 
staiici'S, or to such as can Ix'- I'onvi'rti'd into gas without 
iiiidt'rgoing docomjiosilion. W Ink' many of tin' com- 
jMiinnls with which wo have' had to deal aro of this char- 
acli r, many of ilu'in arc not, ami in regard to tln^ mok'- 
ciilar wi'ights of tliosi', wr must Ix' in doubt unloss some 
»>dit'r method applicable to bijiiitls and solids is avail- 
<d)lt'. So, too, th(i atomic wu'ights of those (‘lemonts whicli 
' I'tcr into the conijiosition of gaseous (‘om])ounds can bo 
ht diiced from the moh'cular Avoights, but plainly those 
^diicli do not enter into the conpx^sition of such com- 
I’omids demand some other method. For deti'iniining 
the abiinic Aveights of sindi oleTueiits an excellent method 
hased u])on the study of s])ecitic heats; Avhilo for the 
termination of the molecular Aveights of solid substances 
^'‘In’ch can be dissolved Avithout decom])osition a method 
(|uite recently come into play Avhich is based upon 
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the extent to whicli the compound raises the hoilin^r 
point or lowers the fi-e»>zin<^-])oint of its sohitioii. Both 
these motliods will be bric'lly d(‘scribed in this chaptn. 

Next, it is found that tlnne is a limit to the law ot 
multiple proportions. AVhih*, according- to this law, (lie 
mass(^s of any t'lennnit which iini((‘ ^\ith a givivn iiiass oi 
aiiolln'r (‘hnncnit bear simple relations to out' aiiollu i, 
tin' law is silent as to how many kinds of ('oin])oun(]s ;i i v 
])()ssibl(^ betw(H'n any two ('lemenls. A (‘and'ul ('xaiiiin.i- 
iion of th('i coni [)( )sit ion ot tin' (‘onipoiinds ol (he ( Ic- 
nnaits shows, ln)w<‘\<'r, tliai/ (here' is a liniit to the' iiiiin- 
la r ot atoms of oiu' ('lennmt which (*an combine with 
one atom of another element. 'This limit is (letei iniiK il 
b\- what is calhal tln^ re/e//cc of (lie ('hnnents. ()bs(‘i \;i- 
tions on (he composit i< ni of coni]M >iin(h^ hal to tlu' hy- 
pothesis of th(‘ linL'iiKj of (it<niis - (lit^ linking taking placi* 
ac'conliiig to tin* laws of vahmcia 4'h(^ a rra ngcmimit of 
the. atoms in a. moh'cule is, according to this, the consh- 
i nf inn, < )f a com[)< nind. 

\ ale nee, as we hav<'' sram, is not a constant ])ro|'('r(v 
of the atoms, d'owards owgen (In' ehmients which we 
liave thus far studii'd hav(‘ (In'. high(‘st vahmet' ; towards 
h\(lrogen th(‘ low(‘st ; and, in gimeral, towards tlu' iiieia- 
Ix'is of th(‘ (ddoiine group they exhibit an inti rnK'd iatt' 
xalence, d’he valence towards hydi-ogcm is in iimst 
cases constant, xvhile th(‘ valmici' towards oxygi n and 
towai'ds the niembei’s ol the eddorim' grou[) varies, in 
some cases Ixd w <'en compa l ativid \ w i<h' limits, as lad w ccii 
1 and 7 in the (ddoriin' group, and ladween 2 and b in the 
snl[diui- gicmp. I’urtlM'r, tln^ variations in the valciue 
of an element generally take ])lac(‘ Irom odd to odd ei 
from (o(‘n to (weii. Tn the case of (ddoiiin' it ajijiears tc 
vary from 1 to 2> to o to 7 ; in that of sulphur, Ironi 2 t" 
i to b; in that of phosphoi-us, from b to o, A know hdyn 
of the vadmice of the elements is of great assistance in 
dealing with tlndr <'om|)ounds, as, knowing tlndr vah in'S 
we know in gnmeral tlio composition of their iirincip-d 
compounds. 

A comparison of tln^ atomic wi'ights tinally led to d » 
discovery that the jiroptuties of the idements are. a ' 
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,>(//>• f unction of these weights. This is tlio great periodic 
]ftio of chemistry. This makes n, systematic classification 
of the elements according to their atomic wcdglits and 
tlieii* properties possible, and is full of suggestion as to 
[ho relations Avhich the forms of matter we call elements 
b('ar to one another. 

Classiflcation of Reactions of the Elements and Com- 
pounds Studied. A\diih‘ tlnu-e is nndonbt(Mlly something 
confusing in tin' numln'i* of tin' eompounds aiid their reiu'- 
fioiis whieh \v(' ha\(' b('(ui stu(l\ing, still, wln'ii these are 
iiit<'i pi'et('d in the light of th<^ atomi(‘ th(‘oi'\', of the law of 
\a1enc(‘, and of the p('riodie lawg tin' study is mueh sim- 
[jlifn'il, and those things whieh se(‘iii to haV(' litth' oi’ no 
coiiiieetion are found to foian ])arts of a gi'in'ral systc'iii. 
Ill s[ud\ ing ehemisti'y, one of tin' tirst tilings to Ix' done 
is to learn how eh'meiits and eom[n)un<ls act U[)on one 
:ui( 't Ik'I', and what proiluets arc' formed, d'he cpn'stiou 
of coni])osition is oin' of the tirst whicdi prc'sc'iits ilsc'lf, 
and (liis must Ix' studii'd Ix'forc' otln'r (jin'stions can be 
intelligently di>;cuss(xl. What, tlnm, aia' tin' most jiromi- 
iieiit facts which W(' have h'arned in stinhing the ele- 
iiK'nts and compounds whicdi have' thus far Ix'en taken 
11 [) ? 

In the tirst place, it w ill hav<‘ Ix'en noti(*ed that, gi'in'r- 
ally s[)('aking, tin' compounds whitdi any ('lenn'iit forms 
with oxygi'ii and liydrogc'n are tin' most ]>i*omiin'nt ; that, 
taking the maximum oxygen com|x)und of an eh'inent as 
<»ix‘ (Mid of a S('ii('S, tin' otln'r ('iid is foiiin'd h\ the hv- 
drogc'ii com])ound. TIn'sc' c'lnl-products in the case of 
cliloriiK', sulj>hur, phosphorus, and silicon are : 


Hy(lrog(Mi conipouiKl, 


Jici 


H.,s 

H,l> 

H.Si 


IMaximmii <'xva*'n tMcinpound. 

SOgS./),) 

r./>. 

Si()ySi,(),) 


'^Iho valence towards hydrogen increases while that 
t'Wvards oxygen decn'asi'S legularly in the order given, 
^^ith water these oxides form the acids HCK),, H^80„ 
‘tnd ll^SiO^. Here the remarkable fact is ob- 
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served, tluit the miiuber of hydrogen utonis in e.u li ,,{ 
those neids is th(‘ same as that in the lijdrogvii (om, 
2 )OUiids, and the limit of th(‘ addition of oxygen is r(‘;u li,,[ 
in eacdi ease \silh four atoms of oxNgmi. I'urtlu'r, ciuli 
of the /list thrcH' aeids apfxairs to he related to S( 1 1,.,1 
iioi fiial ac-ids \vhi(*h are loriiKal h\ miioii oi the eJd( 
sid])liiir, and ])hos[)horiis uitli a Jiiimher of Jijdrowl 
grouj)S eoi'rtespojidiiig to th(‘ oxygen valeJiee. Tijesn 
normal aeids art? 

S(()Hx„ i\()li)„ Si(()HX. 

Now, whem'Vi'r a ehloriiu* eom[)oinid is suhjeetcMl to 
oxidation und<‘r projx'r eiremnslaiiec'S tin' linal j)ro(lii( t 
is ja'i ehlorie aeid, which \s In'ii isolat('d has 2)ro]>ahl v tlii‘ 
composition i'('pi‘('si'nt(‘d hy tlu' formula. So 

wlien a sulphur eomjtound is o\idi/,('d tin' liual product 
is sulpliurie acid, ll.,S(), ; wlu'u a phosphorus eompouiid 
is full\' oxidi/ed tin' linal ju'oduet is 2dios[)liorie aeid, 
and the tinal product of oxidation of a silicon 
compound is silic-ic acid, M,Si()^. 

]>y reduction of the ahovc' com])ounds tlu^ final ])rod- 
ucts arc* tin* hydrog(‘n compoumls ; hut Ix'fore the limit 
of r('duction is i’('aclH*d int('rm('diat(* ]»roducts ar<' foriiu'd. 
All th(‘S(‘ int('rm('diat<‘ pi’oducts ai’e comparati\ (*ly iin- 
stahh*, and t('nd to ta.ke up owgc'ii nmh'r ordinary t ii- 
cumstances and to form the stah](‘ d('rivativ<^ of the 
liigln'st ox N geii eompound. Thus ])hosphites ])ass ovci' 
into phosplmt(‘S, sulphiti's into sulphates, and chloiati s 
iido })erchlorat('S wln'ii lu'ated. d'liesf* (dianges an^ re|nc- 
sented lyy the following e(piations : 

2K(10, . T\N1 I TxdO, + 0,; 
dK,S()., Jx^.S I 3K ,S(), ; 
ill, VO, 3^- P]r3 f dH^ro,. 

The liighest forms are tln'ndore (evidently most stahhe 
Ihirning to the c()m])ouiids which tin* (‘huuents of Families 
IV, Y, VI, and VI r form with the memhersof tln^ chlorine 
gronj), attention has repeatetlly been called to the fact ih.it 
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these are for the UKJst part decomposed by water with 
t'onaatioii of the corrcyspoiidiii*^ hydrox^yl compounds. 
I'he elements of Families 1\ , V, VI, and \ II do not 
foi iii compoiuids w ith the nnmibersof th(‘ sulphur grou p, 
iior witli those of the nitrogen gi‘ou[), as n'adily as they do 
^vitll hvdrogmi, with o\ygej>, a, ml witli tlie immdjers of tJie 
(^•hloriiie group. Those elements which hav(^ basic char- 
Hcti'i-, lu)W(n'er, like antimony ami bismuth, form very 
oiiatacteiistic compounds witli sul})hnr- Hie sulplinr 
(•otnponnds, in gemnal, have a composition similar to 
that of tlie oxygen compounds of t lu' same elements. 

Kinds of Chemical Reactions.- As was pointed out in 
tli(' ('ally part of this book, all cln'inical ri'actions may be 
classifi('d under tlu(‘e lu'ads : 

(1) Tliose which consist in diri'ct combination ; 
pij T'h()S(i wldch consist in dirm-t d('i‘omposition ; and, 
p‘>) Tdiose which invoha' tin' int('raction of two or more 
(‘h'lm'uts or compounds and tin' formation of two or more 
cetiipouiids. '^Jdiis is known as doulih' <h*composition or 
]ii('tath('sis. 

Direct Combination. — We hav(^ liad to deal with a 
iiiiiaber of ('Xamples of (‘acli of thesi' kinds of reactions. 
As ('xam[)h'S of tin' tii’st kind alri'ady studii'd tlie fol- 
jewing may Ix' im'utiom'd ; 

riu! combination of Jiydrogen and cldorine to form 
liydi'ochloric acid ; tin' formation of ammonium c'ldoride 
fi'eiii ammonia and hydrocldoric acid; tin' formation of 
rah'ium hydroxidi' from ('alcinm oxiih' and wat('r ; the 
f')i Illation of nitrogi'ii pei'oxidi' from njtric oxide and 
n\\g(*n ; and tin' formation of carbon disul})hi(h' from 
rai'hon and sul])hur. 

Vs I'i'gards the c<>mhination of hydrogmi and ('hloiiin', 
it should be rmnarki'd that this .act is tin' sann' in princi- 
as that of nn'tathesis. Strictly spi'aking, it is not a case 
di](H't combination, as we nmh'rstand it. ]''or, as w(' 
lia\e s('(m, accoi’ding to the moh'cnlar theory, fiaa' ehl<!- 
I'liie and frei^ hvdrog(*n consist of moh'cuh's which an' 
made up of two atoms ('ach. Tln'nd’on', wln'ii tln'si' ele- 
""‘iits are brought togi'ther the moh'cuh'S ari^ lirst d('- 
r'niipoj^ed into atoms lu'fore the act of union can take 
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phice. The two acts are roiH-esenteil by tlie two cqua. 
tioiis following : 

C1^ + H, = C1 + C1 + H + H; 

Cl + Cl + H + H =^: 2HCL 

In the case also of tli(‘ mii(ai of li \ drocliloric ac k] 
and ammonia it apjK'ais pi‘<d)al)l(' that a scnious disai' 
rangtmioiit of tln^ fonslitmad atoms is mau'ssary in order 
tliat the act of comldnatioji may take place. According 
to the ammonium theory, ainimudum cliloride is repic- 

r»i 

J 

seated by tlio formula X | It, which means that tlio 


atom of chlorim^ and four atoms of liydrogenare in com- 
bination with the atom of nitrogmi. Ibit in ordcu’ tliat 
a comj)ound of this constitution may be foi’ined from 
ammonia and hydiaxddoric acid, it is ji(*cessai’y that thi' 
molecule of hydnxddoric acid should Vx^ l)roken down 
into its constitmmt atoms. So that this cas(i of apparent 
direi't coinliiuatioii is, as far as we can judge, in laaalily 
more <‘omplicated than it a[»[)ears, and should bo re])i‘C- 
seiited by the two ecpiations : 

XH 3 + TtCl X IT 3 + 11 + Cl ; 

XH3 l-H + Cl 

All other cas{*s of ap[»an*nt dinxd combination run 
probable of tin; sam(3 chaiacter, so that it is doiibltnl 
wlndinn* a single caisc; of sim])le diiaad combination 
known. 

Direct Decomposition. — As exaanples of direct decom- 
position the following cas(*s may 1x3 cited: 

The decomposition of menniric. oxid<3 by means of 
heat iiib^ mercury ami oxyg(3U ; that of ammonium clil'c 
ri(h3 into ammonia and hydrochloric, acid by limit ; Hixt 
of potassium nitrate into potassium nitrite and oxyg' n 
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l,v lioiit; tliai of pliospLorus peiitacliloriclo into tlio 
'’I'iolihiiiiio amt cliloiiiio l)y lieat ; tliat <,f ainiuonia into 
livilio^ou amt nitnigeii bj (•oiilimual action of electric 
spark”; and that of nitrogen iodide by contact with a 
soliil substance. 

On close exaniinaiion of eac.li of tlie above cases, wlacb 
arc fjiirly typical and as simple as any tluit could be 
p.]i,)seu, it will bo seen that no one of them is merely a 
rase of (h'coiiiposition ; for even thou^di we must assume 
that the lirst result in each case is the setting Iree of the 
atoms of onh or two elements, we Jiiust also assume that 
these atoms unite again to form other molecules either 
of elements or compounds. Thus, when mercuric oxide 
is decomposed we get mercury and oxygen. As far as 
can be determined, the mercury atoms do not unite with 
each other, but the oxygen atoms do, so that the total ac- 
tion involves decomposition and afterwards combination 
;is re})reseuted in the ccpiations 

2HgO = Hg + IIg + 0-1-0; 

Hg d- Hg d- O -f O = ITg d- Hg d- O,. 

In the case of tho poiitacldmide of ])bosplioriiH, it is 
probable that tho two atoms of (•hlorim^ are lirst givon 
olV from oach molecnlo of tho ^ddorldo, leaving a mohnailo 
of Iho trichlorido, but the atoms of chloviuo afterwards 
unite to form inolocules as rojirosontod thus: 

rci, = roi, d- Cl I- Cl ; 

PCI , - 1 - 01 d- < ’1 - CCI 3 d- Cl... 

Siliiilai' staU'iiKUO:. lioid good fiU' all utlior cases of 
(I iree I decomtiosilioii. 

Metathesis. — Tliis is tlio mosl common kind ot cliemi- 
cal aetioii, and iiideed from what 1ms been said in regard 
h) (lireet combination and direct dt'composititdii it will bo 
siHMi that there is no esstmtial dillerenco l)et\vei‘n them 
and metatln^sis. JMost ol the r(‘acti<ms with which A\e 
have had to deal are examj)l(*s of double decompf^sition 
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or iiiet/itliesis, iis : Tlie forinjiiion of salts bj tlui action ,,f 
bases u|)oji acids; the foriiiatioii of tlie sul])]ii(lc,s <,[ 
arsenic, aidinoiiy, and bisninth ])y tlie action of ]iy()j,)_ 
gen sulplnde upon solutions of conipoiinds of tlies(‘ (4e- 
2 iients ; the setting frcM' of Ijydrocliloric and jiitric acids 
by the acdion of snl[)linric ;ud<l upon cliloi-id(\s nud 
nitrat('S ; (.f carbon dio\id(‘ and oxides of iiitrogtni l)v tln' 
action of acids upon carl)onates and nitrites; and of aiii- 
nioiiia by Ireatijig ainnioninni salts A\itli lin)(\ Aiiioiil’ 
til <' more (‘onij)li(*ated exainph's which have deaii 

witli are: The acrtion of sulphuric acid n])on [)otassiiiiii 
iodide, giving idsi' to the formation of })otassiniii sui- 
phate, hydriodic acid, lrc(‘ iodine, sulphur dio\id(', siil- 
]diur, and hydrogen sidpliide; tin* a<dion (d’ (diloiinc 
u])on a mixture of silicon dioxidi* and cliai’coal ; t li(> act i( m 
of silicon fluoride u[)on wati'r, giving ris{‘ to tlu^ forma- 
tion of silicic aci<l and iluosilieic acid ; and tlu' action 
of phosphorus p(mta(dilorid(‘ upon wati*r, forming pl'os- 
phori(^ and hydrochloric acids. As simphi an r^xaiiijili* 
of this kind of action as can be citml is that of tlu^ for- 
mation of hyilrogen aiid potassium chloride from potas- 
sium and hydrochloric acid gas. Tln‘ nioh'cnlar wevight 
of potassium is not positividy known, but, assuming its 
moh'cule to be madi* nj) of two atoms, tln^ action must hc^ 
rpj)resented in this way : 

K, I 2H(d ^ t>K(1 + IT,. 

ddie iK'xt stage of complication is exhibited in the re- 
action bdlovving : 

KI + HCl KCl f HI. 

Exam])les similar to the latt(n-, but somewhat more com- 
plicated, are these : 

2K0H 1 - li.^SO, K,S(), 4- H,0 ; 

Ca(d, 4- CaSO, 4 2HC1. 

The Cause of Chemical Reactions. — ddie prime cause < t 
chemical reactions is something which we think of as an 
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forcti exortod in dilTnrnnt dej^roos bntweBii tlio 
(IjlVi'roiit (d(‘iiieiits. AVluni any (de.nuMiis or coinponndH 
;iiv bronglit togetliov under eertain e«niditions tlie t(Mi- 
,|,‘iicy is always towards tlie. fonnaiion of the most stable 
(‘oiiiponnds of those elements whieli can 1x3 formed nn- 
(liM- tlie ^iven conditions. Tlius, potassium sul])liate and 
^v.'itei' are mor(3 siahh^ forms of comhiiiation of t]i(3 ele- 
iiH'iits h ydi‘oj^'(m and oxygen, and potassium, snl])linr and 
(twgcm, than snl|)hnric, acid and potassium liydroxich^ 
:ii(‘ und(‘r th(3 cojiditions under which the action takers 
place. Ho also the syshnn cojn[>osed of potassium chlo- 
and hvdriodic! acid is nn)re stable than tliat com- 
||(»s(m 1 of potassium iodide, and hvdrocldoric acid under 
tli(' conditions of tin' aclion. \\ hv the oin^ systi'in is 
iuoi‘(' stable than tln^ otln'i* we do not know, for we do 
not know wliat r^dations (‘xist Ix'twi'cn tin', atoms in tin) 
iiioh'cules. it is convi'uic'nt to think <.)f that wliich 
causes the atoms to unite to form com[)ounds clinniod 
it is ('vident that this allinitv is more strongly 
cx('ited betwi'en some <‘h'nn‘nts than Ix'twec'ii others. 
Tin' allinitv of chlorine for hvdiapgi'u is, for ('xam])le, 
miicli stronger than that of chlorine for nitrog('n or for 
oxygi'ii. Owing, howev('r, to the complicated character 
<»1 most chemical rr'actions, it is extiu'inely dillicult to 
iiialse nn'asur('ments of tin' allinitiesof tin' ('h'un'nts, and 
hut litth' progr«'ss has be('n made in this direction. Still, 
"lie of till' great objc'cts in view in tin' study of chemical 
]i]ieinmn'na is to h'ain as much about <*heinical allinitv 
as possible. 

An Ideal Chemical Reaction. - 1 11 ('very cas(' in which 
t'\<) compounds act u])on ('ach other to form two in'W 
"""s, s('veral forc(‘S must be at work, as wu' have' si'c'U. 
bup])()se, for ('xam])h', J/>and act u])on ('ach otlier 
111 tli(' gaseous condition to form two compounds and 
dh, ulso l)oth gas('ous. ddn' normal coiirse of such a 

" lion would h'ad t(^ the formation of not only the two 
' "111 pounds /id and yt/>, but .//> and (JD would also bo 
i'i"S('iit in the resulting system. For A has an atlinity 
h't A as well as for J), and C lias an atlinity for f) as 
''' n as for />. In the sjxstem we sln^uld liavo operating 
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tlio {idinity of A for B, and A for D ; of C for 7>, and (»1 
C for B. As tlioso operate simultaneously, e(|uilil)rinni is 
established when certain (piantitu's of the four possil)J(i 
compounds are formed, the (piantities depending in t ht; 
lirst instance upon tlie relative strengths of tlie various 
alHiuii(‘S. Tile same remarks apyily to the case in which 
two substances react in solution and form two ])roducts 
wliich are soluble. Here the action is not complete in 
any one direction, but an equililn ium is established hi - 
tw(‘en the four possible compounds. 

Inllueneo of Mass. — The pro[)ortions between the pio- 
ducts formed in any given case is markedly inlluenced 
by the relative masses of the reacting substances, ddnis, 
suljiluiric acid aids upon potassium nitrate when the 
acid is in excess, forming primary potassium sulpliat(‘, 
KHSO^, and nitric acid. On thi^ otluu’ hajid, if a laigc 
ex(‘css of nitric acid is allowed to aid upon priiiiai\' 
potassium sulphate, sul])hnric acid and potassium Tiiti’ato 
ai’e produced. iVluch aitioition has laani given to tho 
stiely of innss <(cf ioH^ and tlie ri'snlt is to show that iu 
lanictions gf'ino’ally this kind of action counts jjioiii- 
inmitly into plav. The law has Ixhmi establishiMl licit 
(fcHott is proporf itnuil to fh<’ product o/' ( he ocl i 
luosscs n/' f he suhsliificcs h(L‘nirj p(( rf u f he clnl}i(/c. Jd woilhl 
appiuir from this that tin* decoin posit ion of two (‘oin- 
pounds to form two new ones wonld not la^ complete, il 
tin; conditions ar<* such that the two mov cr)mpounds can 
aid. upon each other. If a- large (‘xcess of one of the re- 
act i ng com pounds is takmi, howevm*, the reaction may he 
made ajipiroximately complete by reason of the mass 
action. 

Reactions May bo Complete if one of the Products 
Formed is Irrsolublo or Volatile. — When two sulistaiiees 
which by interaction can form an insoluble product ato 
Virought togidhm-, the reaction gmierally takes place and 
is complete. When thii substances ari'. brought togidher 
we ma y imagine that, owing to interaidion, a small (pnin- 
tity of the insoluble comjiound is formed at once. 1^ 
this product were soluble, the action would stoj) In f'TC 
it is complete, becausi^ this new product would ikd^ 
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its action upon the system. Bein^ ius()luhl(3, liow- 
it is removed from the spliere of action, and tlni 
siiine reaction wliicli caused the formation of the first 
pHiiicles of it can now be repeated, and so on, until tlie 
nsiction is cc^mplete. Tliis is illustrated in the action of 
siilpliuric acid u})on barium cliloride in solution. The 
two substances react as represented in this equation : 

Bad, + H,8(), - I A(i == BaSO, + HCd + Aq. 

The symbol Aq is simply intended to indicate that the 
]v;i(‘tion takes ])lace in solution. If barium sulpliate were 
soluble, all four substances — barium chlorid(‘, sul{)linric 
acid, bai’iuni sulphat(% and hydrochloric acid--would V)e 
])ivs(‘ut in tli(^ solution aftiu- the (establishment of e(pd- 
lihriuni. But, beinp; insoluble', it is removed, and new 
ipi;iiititi('S are' fornu'd as lon;^- as the' snl>stan(*es ne'cessary 
ini’ its formation ai’(' pre'se'iit in the' solution ; that is, until 
('itlier all the barium chloride' is de'(‘om]»ose'd or all tliii 
sulphuric acid is re'inove'd. ih'actions involvin;^ the' for- 
mation of insoluble compounds or pre'cipitate's are among 
the' most common ^vith which we* have' to de'al, ])articu- 
larly in the various ope'rations of analytical chemistry. 

Again, wdien two substama's which can form a volatile 
})i’()(luct are', brought toge'thcr the' re'action ge'nerally takes 
])l;u‘(' and is conqih'te'. The' re'ason why a re'action of 
this kind is e'oniph'te^ is the' same' as that give'ii in the 
case of the formation of an insoluble' ceuupe)unel. Each 
successive ])orlion of tlu' veelatih' ]U’e)due-t formeel is re'- 
Timve'd, anel the reactieeii which gave' rise in it preicee'ds as 
loiig as the ne'cessat’v substance's are' pre'se'iit. This kiiiel 
ef aedion has been re'peate'dly ill ustrate'el. It is that, for 
‘'xaiuple, which is se'e'U in the' libe'ration of hydroe'hlorie* 
ncid fi’oni a eddoride by the actieen e)E sulphuric acid ; of 
(*arl)on dioxide' bv the' action of an acid upon a carbonate ; 
!>iid e)f ammonia by the', action of lime upon ammonium 
rldoride. 

An interesting exam])le of the combined intluence of 
and the volatility of the' pre>eluct is se'en in the action 
*'1 heated irem upon an excess of steuim, ami of the oxide 
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of irou upon jiu (3xcess of lijdn)gon. AVliefi stejini 
passed over heated iron, action takes place thus : 

4H,0 H- 3Eo Ee30, ill,. 

Hydrogen is Ji])erated and the oxide of iroji* forintMl. 
A^dlen, however, liydrogr^n is passed over heated oxide 
of iron the reverse reaction takes })lace : 

Fe,0, f lU, ^ :JEe -f- ilf.O. 

Owin^ to the excess of steaju always })r(‘sent in the first 
r(‘action, 1 1 \(l vo^i ' ii is t*onsta.id]y fornu'd and const.uith 
heini^ removed, rndouldt'dly tlui liydro^rm formed acts 
to some (‘xt(^nt u[)on tin* o\id(‘, l)ut tlie ollu'r reacliou 
always tjdv(‘s ])lacc to a j^i'j^atm* «‘\tmit. Tlie o[)[)ositc is 
true wlnm tin' oxid<* is Ji<‘af<'d in an exia^ss of h>'drogcti. 
The pi’inci[)al i(‘a<*tioii wliich takes place in this cast' is 
that of the liydrogtm u])on tlu' oxid<‘ of ii’oii, and tliii 
steam is carrit'd out(d’ the field almost as soon as for iiitMl, 
so that the it'dindioji of tin', oxide of ijon continues. 

Thormochemical Study of Affinity.— If a mass of hydio- 
^■(‘U and a mass of chlorim; consisted of isolated atoms at 
I'f'st, and, afttu* condtination, th(‘. moh'culc's as wt'll as 
their constitmcnt atoms w<'r(‘ at r('st, tlnm the Inaat ('voKcd 
in the acT of condn'naliou would Ix' the result of tin' trans- 
formation of the potential ein'rj^V of tlu' n.toiiis into kimdi(! 
eni‘1 < 4 y, and it wonhl lx* a nn^asma' of the atlinitN' ('\(n ti d 
l)(‘tw<‘en th(‘ atoms. Ihit iioiu' of thes(! conditions can 
he. assunnMj with any c()n lideina?, and most of them im 
<louhtedly do not «‘\ist. \\4‘ have a l)umlant e.vidc'iic' t" 

show that the mass «)f hydro^(m and that cldoriiie do 
not consist of iscdated atoms. T’akino-, then, tin laam tiou 
between hydrog<‘u and chloidin*, it is (dear, as I as aii eady 
be(‘n explained, that it is not sim])ly a, combination of 
atoms, but that tin; act of cond)inatio]i b(‘iw(‘(‘n ilieat(»iiis 
must be piana'dcMl by the d<‘coinposition of tlie molecules 
of hydrogim and thosr; of chlorine. The In'at whi(di is 
evolved in the naictioii is tlnuad'oi’e not siin])ly the n sidt 
of the cennbination of hydrogen and chlorine, but it 
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tills heat less tliat wliieli is rec[aifed to docomposo the 
iiioU ciiles of hydrogen and thoso of clilorino into ahnns. 
'['lie heat measured is tlie dihercmcci between two qujin- 
titit's ; and we have Jio means of estimating the value of 
till s(^ c|uantities. This is true of every elunnieal reaetion. 
The Jua^t evolved or absorbed in the reaetion is the dif- 
tri'eiiee between two or more* (|uantiti(^s, and it is not 
tlieiefore a nu^asurci of allinity. 

N«‘,vert]ieh'ss, some knowTedgt' regarding tli(‘ relations 
which the allinities of ehmients bear to (jjie another can 
he gaiiuMl by a study of tlie Insat evolved in their re- 
act ioiis. Thus, the following results have l)e(‘ii obtaimMl 
ill tlie study of chlorine, bromine, and iodine in tluur re- 
lations to hydrogen : 

[lb, (TJ :-r2[n, C]\ - [H, III ” [Cl, CT] = 44, 000 c. 

(lb., IJrJ =: 2[ If, lirl -- | 4C H 1 - [4b-, llrj 10,HiSO e. 

I ll„ ij -- 2[11, i| - [H, lij - [1, ij = 12,072 c. 

Th(^ iiK'aiiing of tlu'se thri'e e([uations will a[)])ear from 
all intei})rc‘tation of the jirst. 4'his means that when a 
iiioh'cule of hydrogen acts u]:on a molecmle of chlorine 
to form t'W'o mohuMdes of hydrocTiloric acid gas 41,000 c. 
ol lu'at ar(‘ (‘volved ; and this ([uantity is the dilhnamce 
hetwi'iMi that which is evolved in the combinaticui of two 
•hoiiis of hydrogtm with two atoms ot chlorine, ami that 
\\liich is absorlaal in the decom[)osition of one moh'cule 
ot liydrogcm into two atoms, aanl in the d(‘composition of 
Olio iiioh'cnh*. of chlorine into two atoms. 44ie iigures 
thus obtaiiH'd ari'. not })roportional to the ailiniti('S of 
clilnrine, bromine, and iodine for hydrogen, but mner- 
di( less die allinitiim in all probability vary in the same 
oidio’. 

I lie (litHculties are much increased in more complicated 
and it will therefore be seen that it is im])ossible 
to measure the allinity between the atoms by means of 
tt'o Inuit evolved in reactions. 

Value of Thermochemical Measurements. — Although 
tho allinities of the elements for one another cannot be 
‘Ihvctly estimated by^ means of thermochemical measure- 
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lueiits, iiovortlioloss those iiiousiirenieiits jiro VHln;il)l(>, 
tliey show ii diroot relation between tlie (]nantitv of 
evolved and tlie eliaraeter of the r(‘aetion wliicli lakts 
])Iaee in any given ease*. In tlie I'ase above eiba], for 
exani])l(‘, it is sc'ini lhat the heat of forniation of li\(jjo. 
rhlorie arid is gr<‘at('r Ihan that of hydi'obioinic' .k i,| 
ainl that of liydrobroinit* acid is in liini gi('at('r ili.m 
that of hy driodie acid, ^iow, on ]>ag(‘ 1)4, it was slah d 
that in gvin'ral that i‘\ot Ikm iii iv i ractioii talo's ])I;i(v 
whicli is accompanied bj^ tlie gi’eatt'st evolution of In at. • 
Accordingly, in a, ease in wliiidi lioth liydroiddoi ii' am! 
liydrobi'oni ic aeiil eonld b(‘ [irodneial tln^ foiiner would 
('ertainly bt^ prodnciMl in laiger (plant ify. 

Heat of Neutralization -Avidity of Acids. — Among tin 
ineasurc'inents which ha\(' ]>rov(Ml of valiu' in eoniKa t i ( >11 
with the study of tin' gi'in'ral ]»rol)h'ni of aflijiity, aiv 
thos(^ fnrnishml by tin' In'at of ncut rali/ation of acids 
and bases. 4 In' gc'in'ial nn thod of work eonsisti’d in 
(h'ti'i'niining tin' heat evolvc'd w In'ii ('(pii\ah'nt ([uaiititics 
of diltereiit acids ar(' neiit rali/ed liy tin' sanu' l)as(' and 
e(pii\ah'nt (plant it ii's of dijr('i('nt bas('s are in'utrali/eil I'V 
tin' saiiK' acid. Know ing tin' In'at evohi'd in tin' ri'aclieiis 
lu'twi'en tin' various acids and bas('s, it is jiossibh' to dc- 
t('rin iiK' what takes plac(' wIk'II acids act upon salts in 
whicli decomp( »sit ion is not evid('nt, eitln'r from tin' for- 
mation of a precipitati' or tin' ('Volution of a gas. I liiis, 
wdien tw'o molecuh's of nitric ai-id act upon one of sodiuin 
sul[)hat('i ill Solution, scv('ral chang(‘.s are jiossililc, 
represi'iited in the (npiatioiis 

(1) Xa SO, -I- HXO, rrr Nairso, -^l NaNO,; 

(il) Xa.SO, ( ‘2HX(b -- II SO, -I L>XaX(), ; 

C!) 2Nii,S(). 4 - -I UNO, -- N;i.,SO, 4 ^ 2N!iN03 4 II.SO, 

4-21l-N<n 

As all the substances involvi'd in these ri'actioiis au' 
soluble in wati'r, and the reactions are studied in wah i 
solution, it is ch'ar that by ordinary nn'tliods it waiM 
be im])ossible to b'll wbicli of tln*in ta,k('S ])lac(' I 
measuring the heat (evolved, however, it lias lu'im sllo\^'' 

*Thi.s siaieiiieiit is known us lici tlicloi’s L:iw of Muxiiuurn Wci lv. 
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tint ill tills and in all similar casi^s the base is diviJed 
],( twt'oii the two acids, and generally more goes to one 
■iciti tliaii to the other. Further, it is possible to meas- 
th(^ division of the base betwiaui the* acids, and in 
this wnv im'asureimmts of the ndativt! strengths of acids 
oblaiiK'd. The ligures r(‘j»rt‘scnting the strengths of 
the acids nuaisured in tliis way ar(‘ calhal the »/ 

l]„‘ iK'ids. Ill the casii taken above as an illustration, it 
was found that in dilute aijueous solution two-thirds of 
ili(' sodium go('S to the nitric acid and one-tliird to ilio 
siilpliurici acid. Tlnuad’ore, it a[)poars that the avidity 
of nitric acid is twice as great as that of snlpliurie 
iicid. Of all acids invi^stigatial, nitric and hydrochloric 
acids W('re found to hav«a the gianatest avidity. ( 'ailing 
tliis lot), the avidities of sonn^ otlnu* acids determined by 
this method are as given in the following table : 


Ai'iils. Avidity. 

Ail li.- .■.(•ill, 100 

[I^■dl■ocddoric acid, 100 

J 1 vdrobroiuic acid, SO 

1 lyd riotlic aci<], 70 

Snlphm ic acid, 40 

Sidcuiic acid, To 

llyd rolluoric, acid, 0 

lloric acid, 1 

Silicitt acid, 0 

liydrocyaiiic acid, 0 


The tigures givtui nT'er to equivalent quantities of the 
iX'ids, i.(\, (pnintitit'S which can b(‘ neutralized by mpial 
<|iianliti('s of a basin Thus, I molecule of nitric acid, 
IlNt) , ]s muitralized liy 1 molt'cnle of sodium liy dioxide, 
^^'OK ; but only .V molecule' of sul])huric acid is nentral- 
b.cd by 1 molecule of sodium hydroxide, and only 
’'lolt'ciile of ortludpliosplioric acid would be neutralized 
l*v tti(^ same quantity of base. TTieri'fore, we say that 
1 I'lolecule of nitric acid is equivalent to T moh'cnle of 
'^'•Iphuric acid, and to J molecule of ortliophosphorK* 
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It is impossible ;itpri'seiit togive.-iii exjiet interpr('tati<,i, 
(if tli(3 i('sults .•il)ov(3 reeordiMl, but it a[)p(\-irs tlini (in* 
ligiires p;iv(Mi r(‘pr(‘S(‘jit tli(^ iiiiiiK'iical relations bcdwci n 
some (.•onimon pro[)i‘rty ])ossessed by acids, a jJi'oja iiv 
wliicli \\ (‘ Jia\(^ \ap;u(dy iji mind wlnni \\(‘ sp(‘ak of tin 
str^'ii^tli of acids, ddus a.|)p('ars moi (‘ cb'a rly w lnm* acids 
and l)as('s arc* sludical in otln'r \\a 3 'S. 

Other Methods for Determiiiiiig the Avidity of Acids. 
- — l)(‘si(lt^s tin' tln*rmoclnmii(‘al iindhod of stnd\ iiig I he 
action ol acids on bas(^s, sc'vcial otlu'r nudhods liavt' lx t ii 
d('Nis('d. Among tin'sc' aic tin' vol mii(‘-cln'niica I nndliod, 
tilt' ojdical nu't liod, tin' action ol acids on insolnhlt' salts, 
and tin' elect rit'al nn'thod. 4'ln' ohji'ct in \i('\vis in all 
cast's ])racticall\' tin' saint' to conipai't' tin' intlin iux' 
ext'i'tt'd b\ diri'i'rt'iit atdds ninlt'i* tliesanx' circii mstaini s, 
and thus to nn'asnix' tin'ir avidity or, as this has also 
bei'ii calhnl, tin'ir -s/tcr/V/r cnr///r/V 7 // oj'itfjiuihf. 

(1) The volnme-cln'in ica I nn'thod d('])ends njnm tlic 

fact that cln'inical proci'sses which take placi' in hoimi- 
gein'ons liipdds gt'in'rallv cause' changes in voliiiiic, 
“4'hns, tin' spi'citie gra\it\' of a noianal caustic s<xla 
solution was found to he l.Olhdl, that of an ('«jni\a lent 
solution of sniphn ri(‘ acid that of an ('(pii valent 

of nitric at'id l.OdDSh. WTn'ii ('(jual volnnn's of s(xl;i 
solution wi'i't' mixed with ('ach of tin' acids, tin' spi'citic 
gravity of tin' sodium sulphate' solution was l.()2b.V.), and 
that of tin' nit l ate ‘ se ) Inti ( >11 l.D^bdd. T'inall\-, wIk'Ii ti> 
the'' solution of seeelinni sul)>hate' (2 vols. ) eeiie' e'epl i \ a lent 
n vol.) of nitric acid was adde'd, the' sjie'e-ilic gravity hi - 
canu' l.(t27.Sl.” ]>v nn'ans of the'se' tigure'S it is possildc 

to de'te'rm iiK' to what e‘\t('nt the' nitric acid acts upon lln* 
sul})hate', and thus to eli-aw conclusions j’e'gari ling tin' 
distribution of the' base' be'twe'e'U the' acids. The' re'snll^^ 
la'ached by this method agree' in ge'in'ral with tli o*' 
re'acin'd by tin' the'rmoche'mical nn'thod. 

(2) Fn the' optical metlioel the cof'lhcient of re'fraction 
of various solutions is de'termined, and also tln^ chan. cs 
in th(' coeflicieni of rf'fiaction ])roduc('d by mixing tin sc 
solutions in certain, ways, and thus it is possible to dmw 
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:■( inclusions in in^uid to tlio cliMi'jiotnr of nmctions wliidi 
take in solutions. 

{'.')] An illustration of tlin inntliod involving tlie action 
of acids on insolubUi salts will nialo^ tln^ nudliod clear. 

A wciglnal ((uantitv of calcium o.\ul;it(‘ is treated with 
(‘,| iii\'ahuit (| uant itii'S of diileiamt acids in diluh' solutions, 
and tli(‘ ([uaiitity of tli(‘ salt dissolved in a gdam time 
tin'll d('tcnnlii('d. k’l-oni tlu' r('sult it is possilth* to 
aalculati'. tlu', s|)('cilic c( M'tlicients ol a.rtinity ol the acids. 

' t) 'Tlui simplest method of all is tlu' electiical. d'liis 
consists in det(U‘mining the conducLing powiu- of diltc'ia'iit 
snl)stanc('s at tlie saam^ dilutions. In this way tigui’es 
am ( »htai ned which Ixaar to one another tin.* saane r<*la- 
tions as those (*xpressine the coellicients of atlinity. 

It is impossihh' to go into detads in la^gai'd to these* 
latdliods heiH', and it lu'ed only Im* said that win'll acids 
and base's are* e*e)mpare*el by the* abo\e‘ nn'tlnuls, tlu'y are 
foiinei te) eliHer niarke'ell\ fieuii one- anothe'r, ainl the* eireh-r 
ill w hie'li th('\ are* arrange**! by the* re'sidts ol the* dithue'iit 
iiii'thoels is always esse'idially the* same'. 

Study of Chemical Decompositions. As we* have* se'cn, 
]n act icall \ e'\'e*r\ e'ase* of e-ln'inical e*ombi nation w ith w hich 
W(' have' to eh'al is assoe*iate*d with the* eh'ce)nipe)sitie)n of 
nil )li'cide's, se) that it is impossible' pe'ide'ctdy te) se'])a- 
l;do tin* two ae*ts e)f e e)mbinat ion aiiel eh'e-e»mpe)sitie)ll. 
Ni'\ t'fi he*le*ss tln'i'e* are' seuiie* e*oni parati \ e'ly simple' case's 
nt d('(‘oni jositioii whie'h have* be'e'ii stuelienl with sp('e‘ial 
‘■■•He, ainl re'sults eif mue-li im]M)rtain*e' ha\e' be'e'ii e)btaiin'd. 
The nn»st, inte'ri'st ing a.'e* those' e‘ase*s eef dt'ce >111 pe )sitie >11 
''vliich are* iiu'lueb'el uinh'r the* In'aels ot ihssadtff mn mu] 
e d / , \\ Idle* main (*he*mie'al eh'i*e)mpe)sitie)ns are 

hii'iight about b> <'e eiu'iissie >11 that is, b\ nn*cha ideal elis- 
birbance of tlu^ mass— the* ve'iw instability oi the cemi- 
h'sinds which inakes these dm-ompositiems possible pro- 
Ills any ve'iy jireifdable study of the phenomena, 
bissociation. - ttention has be'e'ii calleel to the^ fact that 
'"■iiiv e*e)m[)e)unds, when heateel to sutliciently high tem- 
l"*‘duri's, areV elecoin[)oseiL Thus, water is [laitly de- 
into liye.lre^gen and oxygen w hen heateel to 1000'^; 
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Mininoniuiii cliloriilo is (IcH-oinposed into {iinniouia and ]i v~ 
drocddoric acid; plu)S[)liorus pciitacldorido, into tlu'. i ri- 
cldorido and chlorine; nitro^’en [)ero\ide of the formula 
NO,, into the sini[)h‘r coniponiul of the forinula NO.,, etc. 
(\irefnl study of any on<> ol tlu'se castes shows tlu' tollow- 
ine; facts: (1) 4’hat tlu‘ decomposition takt's place gradu- 
ally ; [A) that the extend, of the ([('composition d('[u‘ii(h: 
upon tlu^ t('in]>(n“;diire and pressure', and for the same 
compound is always the' same for the' same' te'mpena t ii iv 
and pre'ssure ; {'^] that if the* full amount of de'com posit ion 
piossibh’! at a, ce'rtain te'in penature' is ettecte'd, and the' tem- 
perature then lowe'ie'd, the' const it ue'ids will re'condeim* tc 
some' e'xte'id. uidil eepiilihriuin at the' lejw c'r ti'in [u'lature is 
estahlishe'd. 

in a case' of dissociatiem l>y he'at, the'ii, the deconi|)osi- 
tion is carrie'd f;ii4 In r and tarther as ihe^ te'inpi'rat are is 
raise'd hip;he'r and hi-lu'r, ami it is tinally comph'te'. On 
low'(*riiie; the' te'inperat nre' a^ain, more' and niore^ of tin* 
oe)m|)oufid IS teerine'd h\ tin' re'comhi na t le n ot the' c()n^dlt- 
ents until, whe'ii the* lowen- te'm[)e‘rature' is a^ain re'achml, 
there' is no de'conn)e)sit ion. 

The', explanation of the ])he'noine'ne)n of dissociation is 
found in t he' kiiu'tic t heory of ^ases. Accordin*:; to tliis 
the'ory, the moh'cnle'S ol a lufas at a yiye'ii le'ni[)e‘ratiii'<‘ arc 
moyinj_( with diltere'id yelocitie's, thouoli the', ayennia' 
velocity of all the inole'ende^s is the sa,n)0 at tln^ sanm 
tern pei'at 11 1 ’e'. Now', it is highly prohahle' that tin' motion 
of t.lie atoms witliiii tin' mole'cuie'S parlake'S ot Uial ot 
the; niedecnh'S tliennse'l ye'S, so that tlie'. motion ot tlu' 
atoms in tin; molecule's with tin; ore'ate'st yeloi‘it\ i'' 
[)rol)ahly the j^roate'st, and, in these', eh'com [)osi t ion 
will take; place; lirst. W hen a com[>ounel oas is In atcd, 
W’(; can easily conce'iye; that (;ye'n at a com [)a, rati ve l} 
t(;mp(;i'atnre, the; nnetion of some; of tin; moh'cnle's wiH 
]je; sutlicie'ut to cause; the'ir dc'Com posit ion, and, as tl.n 
average; motion of all the; moh'cnle'S is constaid. toi .t 
l^dyen t(;m pe'iatiire, the aniouid of decoin[)osition ^dill 
1)0 constant foi- that le;m [X'ratn re;. As the; moh cuh'S ao • 
how'e'ver, nioyin;^ in <;ye;ry dire'ction a, ml constant!; 
deling, a luolecuh; wddedi is decomposed at one inst.mt 
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iiiav 1)0 ro-fonned .‘it the iioxt, iiiid one that is not deeom- 
l>(,sod iiiav ac(|iiire motion (mougli to caiiso its d(‘Com|)o- 
sition. Hionj^di, as is l)olioViHl, these elmn^^c's me eon- 
st;iiitly taking phu'O at every iemptn-al m‘(', still, as has 
IxM'ii said, the nnmher of moleenles ^vliitdi will Ix^ deeoin- 
]t()S(‘(l ill a <j,iveii mass at a tern [>eia tina^ and pro- 

siiie will always Ix' tln^ samm 'I'lin higlii'r tlin tnii- 
])('i-atnve, then, the greaho* the nnmlxM- of moleeiih*s in 
ili(‘ eondiiioiis whi(di cause drx*omposition, and tlu' 
smaller the number of thos(‘ iji th<‘ conditions favorabh^ 
to hjrmation. At (xacli bunperatiini and pressure an 
( (juilibrium is established, the numlxu’ of molecules de- 
v()mj)()S(‘d being (xpial to the numlx'r formed. It is 
obvious that, if one of tlu‘ prodm-ts <d‘ (h'com position is 
liMiiovixl, th(‘ conditi»)ns ar<‘ enti!-(dy changed, ddn'ii the 
|iossil)ililv e)f la'combinatiou will not (exist, and total 
(ii'C()ni[x)si(ion can be (dlectixl at a lowm* tempc'rature 
than that laxjuirixl foi- total <lecom[x)sition in tin' tiro(‘ess 
of dissocial ion ])rop('i*. 

3ijloelrolysis. — Some clir'iniieal compiuinds in scxlution 
ill wntm* (‘onduct eh'ctricity, and at tin' sann' time tlu'V 
niidergo (h'com tx)sit ion. d ims, hydiaxddoric acid in solu- 
tion in wat»‘r conducts (d<M-tricity and the comtiound is 
decomposed into its const it uents hv<lrogen and chloriinc, 
tlje ]ivdrog(ni appearing at the negativ(' and the cldorim' 
at tlie positixx' pole, (o)mpouuds that a(‘t in this way 
are calh'd eh’rf mhjfrs. When a cuna'iit of electricity 
arts upon solutions of dith'rent salts, equindenf (pianti- 
ties ot the? nndals aia' deposiUxl by the sann> curianit in 
dm same tinne ddds is Faraday’s Fja w. d hus if tin* sann> 
onnanit were passc'd simultaneously through sidutions 
ol silv(‘r niti'ate, AgNOj, mercuric, nitrate, ng(N(),,\j, 
<‘npiie sul])hate, (hiSO^, and ficrric cdiloride l*e(d.^, it 
'vouhl b(» found tha.t for ('vt'ry 107.11 parts by weight 
el si]v('r depositc'd tln're would be 00.2 parts by weight 
‘•I iin*i‘cury depositi'd, Mbol) of co[)p(U', and IS.nd of 
i'en. These are (’quivalrnf (jiianiities of these metals 
' 'piantities that take the ])lace of one ])art by 
^)'*'ight of hydrogen — and are to be distinguished from 
idoiuic quantities. Tdiose elements which a|)pear at 
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the negative pole arc cal led electro- 2X}sitive^ and those which 
appear at the positive p)ole are called elect ro-najatln’ 
Th ose eleineiits wliicdi wo call acid-forming are election 
negative, while liydrogeii and the base forming elements 
are ('Ica'tro-positi ven 'riu', (dcctrol^sis of chemical com- 
|H)iinils is not geinoally a sim[)le dt'conipositioii into two 
constitiumts. 41ins, wlien copper snlj)]iate, (hiSO , is 
<lecomp( )sed, tlie. co[»per is d(g)osite(l at tin', negative^ 
p()l('; l)nt no such (*oni[H»nn(l as S()^app('ars at tlu' posi- 
tivi! pole. This, if finimal, pci‘lia})s breaks down inte 
oxygen and snlphnr tiio\i(h', and tin; latter with water 
woidd tin'll naturally form snlphiiiic acid. I>oth oxvgtci 
and sid[)huric acid as a inattm- of fact appc'ar at tin; posi. 
tive [u)le. ddie changes in vohaa I nmy bi; i’e[)i’esented thus; 

(hiSO^-zzC'n I SO^; S( h -S()^ ;(); S( 1 -11./ ) 

Electrolytic Dissociation. It has Ix'cn known for a 
long time that a V('ry wi'ak eh'ctric, (‘iii'rtmt iicting upon a 
solution of ail (;h'ctrolyte is siiiliciont to (‘ausi; the ions 
to a])p('ai‘ at tin; }>oh's, 4'his fact is iiu'Xplica bh* if 
it is assunn'd that tin; cuiua'iit is the cause; of the (1(‘- 
coin j)ositioii ot tin; eh;cti’oly te. d’his ainl some other 
facts which will lx; r(‘f(>rr«'d to fartlnu* on inalo; it ])roh- 
abh; that (dciU roly t('S ai’i' at h'ast to sonn; ('xte'ut (h'coin- 
posc'd into tlndr constitmuit imis wln*n tln'v are dissolviMl ; 
that thcs(; ions charged with chad I’icity transfei’ tlu'ir 
chargi.'S in tin; sol n 1 ion and 1 h us coin! uct tin; c uria'ii t ; and 
that when an ion charg(;d with in'gativc; ch'ctricity rt'aches 
the positivi; [)ole its c;h'ctricity is dischai'gc'd, and lie' 
ion tlnui ccasf's to be an ion and b(;conn's an ('h'lin'iil in 
the iiaa; state or some coiny)onnd whiidi aj)p(‘ars (uflna’ as 
^nch or in tin' huan of otln'i* [)roducts, Accoialing to 
this coina'ptioii, the act of solution of an eh'cti’olytc, in 
wati'r at h'asi, involve.s partial breaking down of ilis- 
soi'iation of the c.ompound into its ions. Tin; exda'iit cf 
this breaking down is det(;rmino(l primarily 1)>' tin; ccie 
<;entration of the solution — the greater the dilution tk*' 
greater the dissociation. At infinite dilution then' i^ 
complete dissociation. A water solution of hydrochlorif 
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acid contaiiiiu^ 30.18 grains of tlie acid in 1000 liters 
li;is been shown to be completely dissociated, or it is t(^ 
be regardcul as coiitaijiing ions of hydrogen and of 
clilorine. These and all other ions are carofiilly to be dis- 
tinguisluul from the atoms or dcdinite componnds. An 
joii always carries with it a certain charge of electricity. 
Wlien this is discharged the ion beconu's either an ele- 
ment or a compound in tin', free state. AVlnui a solution 
<if one electrolyte acts upon a solution of anothei' the 
reaction observed is probably due tp the interaction of 
tli(^ ions, and it is finth(*r probable that, so far as the 
compounds are present in the undissociated condition, 
tliey do not act upon each otlnn\ if this view is (U)rrect 
ilu' lanictions most familiar to us arc^ rcmc.tions of ions, 
and not of elements or compounds. AVhon, for ex- 
ain])le, an acid acts U|)on a base in solution it appe.ars 
tliat, so far as tlu^y react, tlnyv aaai in dissocuated condi- 
tion. Thus hydrochloric acid and sodium hydroxide are 
to 1)0 regarded as acting as rej)resented in the following 
('(piation : 

II -f (T + Na + OH Na + 01 + H,0. 

Tdio act consists in the union of the hydroxyl ion of 
tlie bas(‘. with the hydrogcm ion of the acid to form water, 
tlm sodium and chlorine ions remaining as ions as in 
:i dilute solution of sodium c.hlorid(\ Tn the case of 
Jiitric acid and ])otassium hydroxide the following equa- 
tion represents the rea(d,ion at intinite dilution : 

H f NO, K + OH K + NO, + H,0. 

Ami so jilso whenever the act of mnitralization takes 
pbict' there is simply a union of hydrogen ions with 
hydroxyl ions to form water. 

ddds concejition tinds strong confirmation in the fact 
tli;i.t the heat evolved in neutralizing equivalent quantities 
“I 'ill acids at infinite dilution is always the same — a fact 
it is ditHcult to explain if it is assumed that in the 
acl ,,f neutralization a salt is formed in the solution. 

the following table the heats of neutralization of 
i' w acids and bases are given : 
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Acl*l and Base 

Hydrocliloric acid and 

sodium 

hydrox., . 

Heat, or 
Nentfal. 

. 13,700 

t( ti 


lithium 

ti 

. 1.3.700 

<( (i 


potassium “ 

. 13,700 

it <( 

n 

bariu m 

(t 

. 13,soo 

U <( 

*( 

calcium 


. 13, 900 

Ilydrobromic “ 


sodium 

ti 

. 13,700 

Nitric “ 



a 

. 13,700 

Iodic “ 



tt 

. 1.3,700 


As ^vill 1)0 seen, tjio lieiit of iientruliz:ition is tli (3 s;i]iu^ 
no iiijitter what the base or Avliat the aeid may be, ;iii([ 
as l)as b(‘eii j>ointe(l out this fact is (‘asily iimlcrsiooil, if 
the act of iKMitralizaiion consists in tlie union of a ]iv> 
(lrox\l ion wiili a hydro^mi ion to form water. 

Tf tlie strength of an acid is determined by the extent 
to whicdi it is dissocialtsl, tlnni of course those acids tli.it 
are most inn’idily dissociatial are the strong('st. J>y ('Very 
method availa,ble liydrochloric, and niti i(; acids ivn) fouinl 
to the most innidily dissociat(M] and tlnyy are the st roiig- 
est acids, d.die elcctiical nn^thod lor tin' dcdermiinilioii 
of the sto'iigth of a(‘ids is bas^al uj)on this tlu'orv. Tlie 
a})j)licability of this theoi-y to the explanation of tin' most 
coininon la'actions that take place in solution is at |)r('sciit 
attrac'ting the attc'iition (tf (dieniists, and promise's te) he 
of gK'at service', te) chemistry, 'riiose re‘actie)ns wliiedi are 
inaeh' use', etf for the' purpetse) of de'te'ehilig the jerc'Seniee' ot: 
the \arious t'h'nnuits appe'ar in fact, as has alreanly hei ii 
statc'el, to 1)0 relictions of the ions, and wln*n tlu'stt ions 
are^ ne)t [jie'se'iit the^ le^aediems are' not obse'rved. I'or e \- 
amph', Avln'ii silvesr iiili’atei in solution is a,elde'el te) sealniin 
chloride in solution a ])re‘ci})itat<‘ of silve'r eddoridt* is 
foi’med, the reaediou taking plaea) as re[)re',senteel in tins 
equatie)!! : 

AgNO, -1 -- AgCl + NaNO.,. 

This reaction seems, liowever, to be due: to tlie fact tlnit 
ions of silver ainl of cliloriue arei ])r(^s('nt. d'hese e-oin- 

ing toge'ther form the insoluble molecules silver ediloi ido 
which is th(*n })recipitated. '^rinero are many conqionnds 
that ;>ontain chlorine and yet do not give a ])reci})it de' 
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of silver clilovide when treated with silver nitrate. It is 
Ix'lieved that in these cases the CDinpound is not ionised 
l)y the solvent in such a way'as to yield ions of chlorine, 
jiiid that therefore tliere are no chlorine ions present. 
All example of a com})ound that contains chlorine and 
yet does not ordinarily ^ive the reactions of this element 
is [lotassiuni chlorate, KCIO^. A solution of this salt 
(lues not {^ive a ])recipitate with silver nitrate. It is pro- 
Imhle Unit the ri'ason of this is that the salt the 

i(jiis Jv and ( 'lO., , the latter actinjij ipiite dillerently from 
tli(‘ ion Cl, as av(^ should naturally mxpect. 

Relations between Specifle Heat and Atomic W eights.— 
Tlu^ tact that thcniA is a method for the determination of 
atomic weights founded u})on tln^ rela.tions ('xisting be- 
i\Yeen tiu'se weights, and the specitic lu'at of the ede- 
nieiits, has beiMi mentioned. lthasb(‘en found that, when 
eipial wmghts of diftei'ent elemmits a,ri‘ exposed t(» exactly 
the same souria; of heat, tln^y n'lpiiiXMlifle.rmit hnigths i>f 
time to liecome In'jited to the same temperature. Given 
exactly tln^ same heatini;' powi'r, it rmpiiri's lAJ times as 
luiif.^^ to raise; the fi'm pe-ratu re oba, ])ound of watiu' 10, tiO, 
el' ;*)() degrei's as it doies to rais(‘ the tmn jierature of a 
jtouml of mercury tlu' sanu' uumin'r of diy^rei's ; or it, takes 
'\'l linu's as much heat to raisi' a, pound of watiu' 10, 20, 
er 00 (leL,o-(M's as it do(‘S to rais(‘ a ]>ound of nnu'cni'y 
the saane nunilxu' of (hyi^na's. Stai'tiii!^ a.t the same tem- 
)>eratur(‘ tluMpiaiitity of heat I'enuiri'd to raise tin' t('m- 
|>eratui'(‘ of a em tain weight of a substance one (hyi^ree, 
as compared with tin^ onantity of heat rtapiirtal to raise 
tilt' t<'in[)('ratur(^ of the sanu' W(‘ii^'ht<d’ wa.ter oiu^ dee;ia'(', 
IS caih'd th(^ s[)<'cihc, In^at of tlu' substance, ddius, from 
'viiat was said a.bov(‘, tin' spi'cilic heat of mermiry is 
<'i’, ill decimals, 0.00125. In a similar wa,y it can lie shown 
biat the spc'citlc In'at of i^'old is ().002 1 1 ; of zinc, 001)55 ; 
oi silver, <>.057 ; of co])pi‘r. 0.0052. 

Now, when solid ('h'ments are I'xamined with reference 
hi (ln'ir sjH'cilic. heads, a very sim[)le relation is fouiul to 
^■Mst between the numlx'rs I'xpressing the specitic heats 
■"id the atomic weights. Tliis relation will bo made 
'O ar by a consideration of a few' cases: 
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Element. 

Specific Heat. 

Atomic VV ( 

Silver, . . 

. . 0.0570 

107.11 

Zinc, . . . 

. . 0.0955 

64.91 

Cadimiim, . 

. . . 0.05(i7 

111.10 

Copper, . 

. . . 0.0952 

63.12 

Tin, . 

. . . 0.05(;2 

118.15 


All oxainination of tliis tablo will show that the atonm- 
wei;j;]its are inversely proportional to the speeiiic heats. 
W o have 


107.11 : 04.01 :: 0.0055 : 0.0570; 

111.10 : ()3.12 :: 0.0052 : 0.0507; 

107.11 : 118.15 :: 0.0502 : 0.0570; ete. 

These proportions are only a])proxiniately eorreet ; hat 
it ninst he riMinMiilxeaMl that tln^ means for the deterini- 
nation of atoinie w(4^hts and s])eeitie heats are not |)(M’- 
feet, and in both sets of tii;nres tlnn“(' are nndouhtedl y 
small ('rrors. Heina^ such shj^ht variations from abso- 
lute agreement in theso' proportions should occasion no 
surpi’ise. The agreement is sntli(‘iently close to indicate 
a close conmudion l)etween the two sets of tij^ures. Tliis 
connection maybe stated in another way : ^/7ie prod net 
<)f the (iloinic ireifjht htj the spivific hent is constant. Thus, 
in the above castes : 


107. 1 1 V 0.057 

6.11; 

64.91 X 0.0955 

6.20 ; 

111.10 X 0.0567 

r - (130; 

63.12 X 0.0952 

. 6.01; 

118.15 X 0.0562 

6.64. 


From the aliove it aj)p(nirs that the (piantity of heal 
necessary raise inass(‘s of tlni (dtmients j)roportion;d 
tt> their atomic weights tinv sanui number of (h'grec s is 
the same in all cases. Suppose two ehmients to hav(' 
the atomic weights 2 and 4. 44n4r specific heats would 

lie to each other as 2 to 1. 44iat is to say, it would 
re([uire twice as imudi limit to raise the teinpei-atun^ ol s 
given mass of tlie element with the atomic weigld 2 a 
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•ortiiin num\)er of diM^vers, ;ik it \You\d re(|uiTe to raise 
( 1,0 toinporatiu-e of tU(i saiue mass of the element with 
thn atomic weight 4 the same number of aegrees. Ibit 
t ) raise the tem])eratuve of masses of these two elements 
proportional to their atomic weiglits Avouhl require the 
s;o,i(> (piaiitity of heat. This fact may be stated thus : 

The atoms of all elements have the same capacity for heat. 
Tills is only another Avay of stating that, to raise the 
t(Miip(‘ratnr(' of an atom one degree, the same quantity of 
lu‘:it is always necessary. 

Now, if Ave a,ssume that the constant obtained by 
]iiiiliiplying the speeillc lieats by the atomic, weights is 
i;.t, which is about the average of the diiterent values 
foiind, then it is plain that, if we divide this number by 
the specific heat of an element. Ave shall obtain a nundier 
whi(‘h is very near the atomi(‘ Aveight. Tf Ave call the 
ntomii; Aveiglit A, and th(‘ specific heat //, the following 
eijuation expresses tlio relation : 


If this hiAV is Avithont exce])tions, it is plain that, in order 
to determine the atomic Aveight of an ehunent, it is only 
iK'eessary to determim^ its spcaitic heat, and dividi‘ this 
into (hb The result will lu^ very nearly th(‘ atomic 
weight. KnoAving thus veu’v mairly what the atomic 
weight is, it is a comparatively simple matttu* to <h4er- 
iiiiiu^ it Avitli great accuracy by means of chemii'al analA- 
sis. ITifortuiiately tlu're are some marked exceptions 
to th(^ hiAV. 

Exceptions to the LaAv of Speeillc Heats.- The elements 
ghi(‘inuni, carbon, boron, and silicon form exceptions to 
tin* law of s[)mutic heats as this law has laMUi stated above. 
A l ( ii’dinaa’v teinperatuia'S tln*v do not follow the laAV. As 
f 1 ( ‘ in [)(U'a,tu re is raisml, how(‘v<‘r, the, spt'citic Innit of 
t li' sn (ileiinmts changes markedly, until linally, inthe cases 
nl ( arhou and silicon, a jioint is rtnu'hed beyond Avhich 
he re is no mark(Ml change. Thus, at fUK) ’ the s])ecitlc 
h' ;d of diamond is O.l ll, and at ‘JSo ’ it is 0.449. That 
of silicon is 0.201 at 185°, and 0.205 at 352°. At tht‘se 
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teniperatiirea tlie elonionts obey tlie law. From ( l.il,,, 
rate studies winch h}iY(‘ been made on this subject, it . 
pears that the law sh(ud<l b(‘ moditit'd to read as tollcu^ 

Idle specitic la^ats of tlie elements vary with ili(> tcm 
])erature ; hut for every element there is a temperaiiiK', 
;i])()V(' which variations are very slight. The ])rodiict cf 
tli(^ atomic Avm'^ht hy tlie constant value of tin* sjx citi^ 
]i(‘at is nearly a constant, lyin*^ laTwa'en 5.5 and (>.5. 

Xotwitlistandin;^- fh<» irr<‘^oilarities nd’ei’n'd to, the |;iu 
of specific In'ats, commonly calhnl, from the dis('o\ (ners, 
fji(‘ law of Dnlon;^ and Petit, is of o-nmt vahu' in the dc- 
tin niinalion of atomic wei^^lits. 

Raoult’s Methods for the Determination of Molecular 
Weights. — One ^reat dillicadty (‘nconnter('d in tin* study 
of (diemical (‘omponnds is tin* (hdermination ot tJie niolc- 
eiilar weights of thos(‘ which are not ^asc's or cannot he 
conv('rl(‘d into \apor hv lu'at. I'hom sorin' studii's on 
tin' fre('/in^^-]>oints of sidutions, it a]>|)eai’s that (pmntities 
of conijioiinds ])i‘op()rtioiial to tlneii' iindi'cular wadydits 
cause tin* sann* low<*rin <4 ot the tri'i'/ine-peints, provided 
tin* sol\(‘nt do(‘S not act cliemically upon tin* compound. 
This fact maki's it possible to d(‘t(*ruuine the molemilai 
weielits of sul)stanc(*s which cannot la*, converted iiite 
vapor, but which can la* diss(dv(*d. Tin* a])plication ot 
the nndhod is simph*. Su])pose water to lx* tin* soheiit 
usial. \\di know that this li([uid solidilh'S or iri'e/i's at 
0 . Now, it is found that by dissohin^- a. certain (piaii- 
tity of soiin^ substance in a certain ipiaiitity of water llii‘ 
fn‘(.*/in^-[)oiiit is lowcrc'd say .5 Turtln*r, tln^ (piaiitities 
of otln*r substanc(‘S which aaa* neci'ssaiy to lowi'i’ tlic 
free/in^-point of tln^ sann* (juantity of wat(‘r to tin* sane 
e.vteut i'au be (h*termined. d'hesi^ (plant iti(*s an*. pi-o|'or 
tionai to tin* m(decula,r weij^hts according to tin*, law o! 
liaoult. If, thi'ia'foia*, ainoii^ the substances studiod 
t!n*r(; IS oiK’i tin* moh*cuhir weij^ht of w hich can be detci- 
miiK'd by tin* nn*thod of Avoe;adro, it is possible to di - 
tenniin* the moleciilai* weiefits of all of them by th*' 
method of liaoult, as will readily b(i seen. 

So also it has been shown that (juantiti(iS of coni' 
jiounds proportional to their molecular weights cause 
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tlio samo raising of tlie boiling-points, provided tlie 
solvtMit does ]i()t act clieinically upon the compounds or 
cause tlieiii to break down into their ions. Convenient 
uioiliods have been devised for the detennination of 
jiiolocular weiglits of dissolved siibstaiuaus, the methods 
based upon obs(‘rvations on the boiling-points 
aiiil freezing-points. It should be noted that, when the 
iiioleiuilar weight of a substance in solution has been 
(it foriniiied, it does not follow that the substanc(i has 
same molecular weight when in the solid eondi- 
lioii. This is a matter in vegaid to which wo have prac- 
tically no knowledge'. It is ([iiiti' possible that the mole- 
cules of solid substanc(‘s may lu* made' up) of large 
ngj^^regates of tlu'. siniph^ nn>h‘cnh‘s, such as })rol)al)ly 
{‘xist ill solutions or in vapors, d lnui! is, however, no 
iiK'liiod at present known that makes a detennination 
of the (‘omplexity of these moleeuh's, or molecular aggre- 
,^ates, [)ossible. 

Dotermination of the Extent of Dissociation of a Dis- 
Holvod Substance.-- The ellect upon tln^ boiling-point or 
fi'e('zing-[)oint of a solution ca,used by the ]))’esence of a 
dissolved sulistance is proportional to the number of 
molecuh'S in tlui solution or the number of individual 
p.'irtich'S, whether tli«'S(‘ are undecom posi'd mok'cuh's or 
tlu' ions forimal as a. n'sult of dissociation. Any sub- 
stance that is dissociated in solution will giv»‘ abnormal 
U'^iilts if the atteni|)t is maah' to dc‘t»‘rmin(' its molecu- 
lar weight by observadions on tlie boiling-])oint or the 
fi'c(‘/iiig.j)()i lit of its solutions. TMiis method is tlu're- 
ferit not a[)[)li(!al)le to solutions of electrolytt's. On the 
'dlicr hand, the stndv eif such solutions lias shown that 
thiTe is an incr(‘a,sml lowering of the frtM'zing-jioini for 
the same weight of solvent as the dilution becomes 
hf''ater, a fact that ])oints clearly to the conclusion that 
iis the solution is diluted tlu're is greater and gri'atm* 
dissociation, and advantage can be taken of this tact 
f'*' th(‘ ])nrposo of detmauining tln^ extent to which dis- 
iaiioii has taken place iu a solution of an electrolyte 
i'> water. 
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In genorjil only organic coni pounds come within r.in.-v 
of tlie Tiietliods of ivaoult. Tliese niotliods are now 
tensivoly used in tlio study of the compounds of carbon, 
sini[do forms of a})paratus having been devised for tin's 
pui pos(\ Tln^ riu*.oguition of tlio fact tli.at electroly(( s 
do not obey the simple law that holds good in the cas(‘ 
of noii-eleetroly tes bnl Arrlienius to flie idem that (Ik' 
former are dissociated in solution — an idea which has 
])r(ived of great service to the science, and is likely in 
revolutionize the views of (diemists in regard to the 
action of chemical substances iq^on each other in soiu. 
tion. 



CHAPTER XXIV. 


H.\,SE-FOKJIING ELE.MKNTS GJONKK.Vr. CONSIDEUATIONS 

Introductory.— Til p. olpuipiits tlius I’jir considpred lip- 
for tlip most p;irt to tli(‘ plass of jiciil-fovniiii^ 
(d«Miipnts, or tliosp av 1 ios(‘. rompomids witli oxy^i'ii and 
livdro^pii liavc', acid |)ropprti<‘s. All tin* mpml)(‘vs of 
Idniiily VII, (Irouj) Vt, ar(' acid-forinin^-, Avliilc tin* siii^lp 
iiH'iuber of (li'ou]) A of tln^ samp family is hotli acid- 
1 drii)iii<j; and basp-formin;^. All tin* nn*ml)iH‘s of Family 
VI, (Ironp l>, jirp acid-fonninii;, Ayliih* tin* mombprs of 
(iron[) A of this family arp both acid-forminjjj and basp- 
forming'. Jn J^'amily Y, (troii]) !>, tlipvp is obsprvi'd a 
^MT(lation of pro[)prti(*s, tin* <^‘Vou|) b(‘^inning with stron;^- 
ly iiiai'k(‘d acid-forming phnncntsaini pndinu,' with an pIp- 
iiK'iit, bismutli, which is moip basic than acid in chai- 
.ichn-, d'lip (‘IpniPiits of (iroip* A, IVimily \ , arc both 
acid-fonninj.:; and bas(‘-formin;4, but I hey haa p not as 
sliarply markiul (‘hai’acti'iistics as tin* r'hnnonts of Fain- 
ilii's \T and VTT. Ikissin^^ now to Family TV, avi* found 
(liat tin*. tAA'o most im[)ortant nn‘mb(*rs, carbon and sili- 
'■'Ml, Ix'lon^ to (Ironp A. Tln*S(‘ two plonn'nts always act 
as acid-foriinu’s. A jyradation of propprtii's is obs(*r\('d 
• 111 pnssin;^; from sili(*on to thorium, d’lip nn*mb(*rs of 

(doup F> of this family Inup the ])ro])(‘vtips of the bas»*- 
k'l'iiiiiinr ol(*mpnts much more st ron'j.ly ma.rk(*d than thos(* 
"t (lip acid-foriiiprs. Tdipia* arc still four famili(*s to bp 
^^tiidii'd. ldips(‘, arp familh's I, II, III, and Ylli, tlip 
iiiciiibors of Avhich aro almost (‘xidusiyply basp-formiiu; 
‘IfiiMMds. The compounds of thesp (*lpinpnts Ayith hy- 
'd oMjeii and oxy^pu arp bases, or, in other Ayords, liaA'p tlie 
]>o\\,.r to neutralize acids. Their oxides are for the most 
I'-n i basic. An exception to this is found in the case of 
^*<"on, already considered, which forms a Aveak acid — 
“’'l ie acid. Its oxide is only slightly basic. Tin* most 

( 45 .-)) 
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stroiijjjly inarlvod exaiiiplos of base-foriiiiug eloinonls aro 
those wliich oecnr in Family 1, (Iron]) A ; tlion follow 
onho’ thos(' of (Irouj) A, Family IF, and (Fronj) A, |\iu_ 
ilv IFF. Flio 2 (\seiid)laiK'e Ixdwooii tlio nioinhers of 
(li-oiip F, F’amily 1, and flios(‘ of (Jronp A of the samo 
family is h'ss striking- than tlu> I'esiniihlaiiec^ l)(d\v('(‘ii llu^ 
two t;i()ups of anv other family. Ihdwaani the nieinlxos 
of (Jronp 1), Family 1 1, and those of (Iron]) A of tli(‘ sam,^ 
family th('r(^ is a. p,em'ral i'(‘soml)lane(‘, wliih' tlnnc' aiv 
also diffoianua's. A similar rcniiark a])])H(^s to tin' iclio 
tions ladwecni (iron|)s A and l>, lAamily III. Tin' nioin- 
bors of l'’amily \M 1 1 oecnjty a. soimovhat (‘\c(‘])li()iial 
2 )osition, as has alremlv Ihmmi ])ointod out. Faeh proiip 
of w hich this family consists is imnh' n]> of tlirec \(a \ 
similar elinmmts with atomic wanglits wliich dillcr but 
little from om‘ anotln'r. 

Metallic Proportics,— It has hmp; beem (*nstomar\ to 
diviil(' the (‘hnmnits into two class(‘s - tin' iudnls and tlic 
d'his <*lassitication was oii^inall v Viasial upon 
tli ffermices in th(‘ physioal ])roprrti(as of tin* eh'im'iits, tlu* 
naiiK' bidipn; a])}>lird to thos<* (‘h'meiits w liicli lia\( 

^^i!at is known as a. nndallic InstiU', ari' opaipie, and aiv 
good coiidnctoi's of Inaat and <d<'cl i i<'it \'. All tliosi' (‘lo- 
nnmts whi(di <lo not ha\i‘ tln^so propi'i tn'S, aia' calltal non- 
itK'ftil.s. ( I I'ad nal I \' tin* name mefuf canu' to signif\ an 
ehmnmt w lii(di has tin' power to rejilace the hydrogen of 
acids and form salts, and tin' nann* /inn-nK'hfl to signity 
an ('h'liK'iit which has not this powa'r. This (dassilira- 
tion, as will be s('en, is ])ra<dieally tin' sann' as tliar w Idcli 
dividt's tin* eh'iin'ids into a(dd-fornilng and bas(*-forniiiig. 
The latt('r ai’e tin' nn'tals, tin* fornn'r are tin* non-nn lals. 
d'ln' im jterh'ction of this tdassilicat ion has already bet ii 
commentt'd nj)on, the. im]n'rfection aiising fi’om the tact 
that sonn; eh'im'iits belong to both (dass('s. 

Order in which the BaKe-forining Elements will bo Taken 
up. — In studying tln^ base-forming (‘h'nn'nts, it a])peais 
best to begin with those* which have* the most stieiigiv 
marked character. Tln'se an* tln^ mendan’s of Faniil.N I, 
Group A. ]t further a|)pe'ars Ix'st to adhere as closely 
as p()ssibh3 to the arrangennuit in the j)('riodic systt m. 
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foll<>"'iu}r order will be observed in the 
i s( iil:ition ot the eleiiieiits vet to bo studied ; 

' "r* I’dcuuuits (d Fiiudly I, Urouii A, or the rotas.sivm 
lln'iip, coiisistiii^ of liUiiuiii, sodium, potassiuiii, rubid- 
iniii, ioid ciosiuiu. 

± Kleiiu'uts of -b'iunily ll,(<roup A, or the Cnlninii 
cZiip, cousisliu!' of gluciuuiu, uia^uesiuiii, eideiuui, 
slKudiuin, bariuiu, and eibiuiu. 

:l. Eh'uu'ids of Fiiudly II 1, droup A, (>r the Alumhunni, 
iirniip, eoiisisliu- of iiluiuiiiiuiu, sciiudiuiu, yttrium, hiii- 
tljniiuiii, :in<l viti'i'liiuin. 

I, Klemeiils of I'iiudly 1, droup I!, or the ( <\iqx’r 
(L'd’Oi, Cl lusistiii" of coppei’, silver, mid n'ldd. ^ 

Fdemeids of I'mnily If, droup I!, or the Group, 
rniisistiiie of /.inc, ciidmium, :iud mercury. 

,1. Elemeiits of I’miilly 111, droup I!, or the Golhnm 
Croup, coMsistiiie of ei, Ilium, indium, mid tlmllium.^ 

7. l•:leme^tsof I'mnily I \’, d roup 1!, or t he 'I m G roup, 
l■nllsistine■ of eermiinium, tin, mid lend. 

,S. Elements of I'mnily V, (iroup A, or the I'oiioihinii. 
Croup, consisline of vmmdinm, coinmhium, didynuum. 
ami laiita linn. 

*). KltMiionts of lainily VF, (ln)U]> A, or tln^ ( hmmnnn 
I'n-oup, consisting of chromium, molybdenum, tunesten, 
ami uranium. 

10. Eleinentsof I'mnily V 1 1, droup A, or the ?lou,,om-rr 
Croup, of which mmiemiese is the only reinvsenlntive. 

IE Elemi'iits of I’mnily VIII, of which theiv are 

tlii'iM' t:;v()n[)s : • ■ i i i 

lA) 'I'he Iron Group, consisting of iron, nickel, mnt 

0)1 El It; 

(IV) 11m PaUaiVnim. Group, consisting of rutlimiinm, 
i’li< )t I iuni, .‘ind palladinni ; and ^ ^ ^ 

d’) 11m Phifinuut fVro///), consisting ot osininm, irul- 

imii, aiid ])latinnm. 

Occnrronco of tho Motals.--Ono of tlio first ciinmtKms 
Hiat suggests itsedf in conimction \vitli oacli (donmnt is. 
In what forms of combination occur in natnit‘ ? 

1 hi- clmraical com]iounds which occur road} -ioinu 1 m 
natiiic are callod minerals; and tho minerals, and iniKturos 
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of iiiinorals, from wliicli the metjils nre extracted for pi ac- 
tical purposes are called urns. Tlie most common oies 
are oxides and sulphides. Examples of these are tin 
ores of iron, tin, copper, lead, and zinc, dln^ carhonati s 
also occmr in large quantity in nature, and are used Im 
tin' [)urpose of y)r('paring sonu' of tlu'. iindals. '.riu' cai- 
bonate of zinc, for (‘xample, is a. valuable ore of zinc. 

Extraction of the Metals from their Ores.- Tlie dctailtd 
studv of tlie iiu'thods usi'd in tin' t'xtraction of tin' im tals 
from their ores is the obji'ct of nictoU urifij. Ih'sidt's llu' 
methods usi'don the large scab', tln'rc' are others whiidi a i <- 
only used in tlie lalauatorv. The most i-oinmon iin'tliod 
of (‘xtracting uii'tals from their oia's is that usc'd in tlin 
case of iron, whic'h i*onsists in Inaititig tin' oxiih's with cliai - 
coal. If the ores use<l are not oxidi'S, thi'V must lirsi he 
c'onverted into oxiih's b('fori' this nnathod is a,])[)1ical»ln. 
Tins can gcin'rallv 1 h‘ accoinplisln'd by ln*ating tin' oit s 
in contact with the air. I'lnh'r thesi' circiiinstaiici's die 
natural carbonates, sulphidi'S, and liydroxidi's, are coii- 
verted iut<> ()xid(*s. d In'si' changes are illustrati'd b\ tin' 
following eipiations : 

Fe(d), ^ FeO J C(X; 

‘2Fe() ! () - I'Vdb; 

2F('S.. r- FIO Im'J), + 4S0., ; 

21 efOH), “ Fed), f '^^,0. 

A second undhod consists in rt'ducing tin' oxidi' by heat- 
ing it in a curn'ut of hydrogi'U. ddiis has bei'ii illustr.ih d 
in the action of hydrogi'ii upon c()})|)er oxide, when tla 
following reaction takes phu'e : 

(hiO ( 44, H,/) I Cu. 

The nn'dhod is ellicient for many oxides, but is expen- 
sive and is not visc'd on the largi' scale. 

Anotln'i* method of (extraction consists in treating H'* 
chloride of a nn'tal with sodium. This is illustrated i" 
the preparation of magnesium, which is made by heatiii!-, 
together magnesium eddoride and sodium : 

MgCl, I 2Na 2NaCl -f Mg. 
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SiKili a inetliod is (uiiploycul only in (‘jiso it is impossible 
or extremely Jitlicult to riiduee tli(‘. oxide. 

llesides the above methods, there are others whieh will 
1)0 described under the individual metjils. 

The Properties of tho Metals. — As \v(‘, shall tind, the 
jiiotals (litter vm'y markedly fi’om on(‘ another. Some 
;iro liglit, iloatin^ on wjit(‘i-, as lithium, sodium, etc. ; 
seme ai(‘ extr(‘m(*ly luaavy, as lead, platinum, (dc. Some 
combine with oxy^cui with (unu-j^y ; otlnvrs form very 

iinstabh^ (‘omjxaiuds with oxy^im. Soim^ form strong 
hast'S ; otliers form wamk l)as(m. In gtvinn’al, those (‘h‘- 
iiK'iits which are lighti'st, or which lmv(‘ the low('st 
spocitic gravity, ar(‘ th(‘ most activ(‘ clnnnically, whil(‘ 
tlios(‘ whicli hav(‘, the higlnmt s]>(*cilic gravity are th(‘ 
li'asi acii\ e. Among tin' foinnei' arc' lithium, sodium, and 
[lolassiuni ; ainongtlu' lattei'arc* hand, gold, and platinum. 

Compounds of the Metals. — ddie princi|)al compounds 
of the nndals may be con v(Mii(mtly classified as: 

i{. (a)mpounds with lluoi-iiu‘, chlorine, bromine, and 
iudiiie ; or th(‘. jf nondrs, irnh’s, hi'oimdv-Sy and iodides, 

I). (’omponmls with oxygen, and with oxygen and hy- 
drogen ; or the o.ridrs and hifd ro.rides. 

<\ ( 5 )mpoun(ls with snl}»hni-, and with sidphnrand hy- 
(lrog(m ; or the sulphides and hf/d rosuIpJddes. 

d. ( 5 )m])ounds with niti'ogtMi ; or tie' uif rides. 

e. (a)inpoiiiids with carbon and with silicon; or the 
(‘'irhidr's and sdieides. 

J. ( 'oinpaninds with the acids of nitrogen; or the ni- 
frufes and nifri/es. 

'J. (a)m|)ounds with the acids of chlorine, bromine, and 
icdiiK^ • or the chlorides, hrouKdes^ iodides, hifpoc]ilordes,cic, 
h. (a)m])ounds with the a<*ids of sulphur, selenium, 
'111)1 tellurium ; or the sulphides, sufj)hites, vie. 

(a)mj)ounds with carbonic acid ; or the cnrfmmfes. 
y Coin[)ounds with the a(*ids of phospln^rus, arsenic, 
‘I’el antimony ; or the phosphitfes, arsemdes^ etc. 

'*' C()!npounds with silici('> acid ; or the silicates. 

Coin[)ounds with boric acid ; or tho hi>r(tfes. 
it is more imt)ortant to become acituainh'd with the 
h'<‘iu;ral methods of preparation and the general properties 
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of tlie more important compoumis than to I<'arii 
concornin^^ man v individual imonhei’s of ea(di clnss. Onp. 
those eompounds which illustrate /^mneral priiici[)]( s, 
or which, owing to somt* applii-atioii, ha])j)('n to !»,. 
spet’ial int('rt\st, man] he iullv' ti'cated in this hook. 

The acids of which the salts are doi’i vativos nro alic ailv 
hnowii to ns, ami in dealing with the acids 
r(‘forenc(^ has ])e(m madi^ to tlui iinddotls of makiiiL;- tlu' 
salts, and to som«‘ of tlndr mor»3 important ])rop(' rl ics. 
It Avill 1)0 w(dl, Ixdore taking nj) the metals svstemati- 
cally, briotly to treat of the general methods of prepara- 
tion, and tin' general ])ro])erli(‘S of the dil'tei'(mt elasscs 
of nndallic compounds. It must he hojiie in mind, how- 
ever, that tlu' only way to heconu' familiar ^^ith thrsc 
suhstama'S and tlndr I’elations is hy working with tinea iu 
the lal)o]’atory. 

Chloridos.- 'Tin' chloimh's, as w(dl as tln^ tluoihlns, 
hromid<'s, and iodides, may he I'egai’ded as the salts of 
I'.ydvochlorie, hyd roll uorie, hy<lrohromic, and hydriodic 
acids, or simj)ly as c<»mpounds of the nndals wilh lla^ 
nuMuhers of the (ddoriin' family. d'In' most iiiiiiortaiit 
of thes(^ compounds aia^ tln‘ chloviih'S, and th('S(‘ well 
illustrate tin' conduct of tin' (dheis. 

d'In' (dilorides aia' made' hy tieating a nu'tal with (ddo- 
rine, or with hvdiaxddoric acid ; hy tri'ating an oxidt' 
or a. h\di'oxi<te with hyd laxdi loric acid; hv trceitiiig an 
o\id(' with (ddoiine and a roduciiig agt'ut, like cai hoii; 
i)\' tieating a salt <d‘ a. v<datih‘ acid with hydnxdi loiia 
acid ; l)V treating a salt of an inseduhh^ acid with hydio 
(ddoric, acid ; hy adding hydiaaddoric acid or a, solnl'h 
cldoride to a solution containing a nn'tal with whiali 
chloriin^ forms an inseduhh' com])ouinl ; and hy adding t** 
a solution of a (dilorid<‘ a, salt, the acid of whi('h foi nis 
with the metad of the chloride an insoluhle salt, wldlt' 
the metal (a)ntain(nl iu it forms with (ddoidin^ a soliihir 
chloride. 

Only two of the above nu'thods are pc'culiar to ( hie- 
rides. Idiese are tlm ti'oatnnuit of the metals with clile- 
riing and the treatment of oxides wdth chlorine and ;i 
reducing agent. Tlie otlu'rs involve principles widcli 
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jii e also involved in the ]n*op:iriition of all salts, and tlioy 
iliereforo be tmated of in a ‘^(‘iieral way. 

foi'ination ot. chlorides lyy direct treatment of the 
vm'tals with chlorine is tlie simplt'st method of all. It 
lias been illustrated in studying chlorine. It was found 
that chlorine eombiiies with otinu' (dements with ^reat 
('ase. Tims, iron, co])])er, and tin cbmbine with it, as 
represented in the followin’^ (apiations : 

Cn f Cl,. --CuCl^; 

mi I :Kd, 

Sn -f- 2C],3 — SnCl.,. 

The preparation of eddorides by treating oxides. with 
(ddorine and a redmdng agemt has b^mi illustrated in 
th(‘ making of boron trichloride and of silicon t(dra- 
eldoride. It is us(‘d in making aluminiuin tri(ddorid(\ 
her this ]mr[)os(', (ddorine is passed over a. leaded inix- 
tm(^ of aliunininm oxide and (diarcoa.l, wlnm reaction 
takes place according to tlu'. following (M^uation : 

AIO3 + -j - dCh 2AICI3 4 3 C 0 . 

riie interesting eharaadiu- <d’ this r<aa(dion was referred to 
111 eoinnadion with th(‘ similar ju’eparation of the (ddo- 
liiles of boron and silicon. In this case, as in those, 
are two rtaacdioiis involv(Ml. 'The carbon alone can 
Hot r<‘duc(' the oxidia ; nor can tin' (ddorine alone (h'eoin- 
]'os(' it to foi’in tin' (dih)iid('. Ibd when the carbon and 
ehlorine act tog('ther, tlnyv assist ea(di other, and as a 
eoiiseipnniei'. the oxi(h' is transfornn'd into tin' chlorith'. 

The other nn'thods for [Ui'jiaring iddoiades are, as has 
hi t'll said, general in charaeii'r and are applicabh' to 
'""st salts. 

Formation of Salts in Gonoral. 

1 . />// hrafi)i(j )nrf<fJ iril/i an achh — This is the sim- 
j'li'st iind.hod. I t has been illustratml in the ]>reparatiou 

/due sulphate by the action of zinc on sul2)huric acid ; 


Zn + H3SO, ZllSO, d* H,. 
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Other comiuoM oxamj^les are those represented in tbo 
follow equations : 


Fe 1- H,SO, =: Fe80, + H, ; 

Zll d- mc] ::r. ZuCl, + H,. 

2 . Ih/ tmit'uHj (tn oxide or o hydroxide irifh (in acid. 
This is of iiior{‘ <j:;en('ral a])])]i(‘atioii than the pi’eeedin^ 
nietliod. As it has Ixmui stndi(‘d in sonn* detail in ((ui- 
neetion with tin* suhjt‘<*t «)i‘ salts (^S(‘e [)[). 121)-ldd), it in'cd 
iK^t lx* fnrth(*i‘ (‘onsid(‘red ln*L'(*. 

H. Ily t re(dinif Ihe saJt of a rolotile aeid irif h (mother ori(i 
-- -ddiis nndhod has he(‘n r(*])(*a,t(*dl y illnstratixl in tlie (!(> 
eoin[)ositi( >11 of earlxmates and niti’it<‘S by aeids in 
era,l. While earhonie aeid and nitrons aeid theins(d\(‘s 
ar(* |)(*rhaps not fornn'd in tln‘S(* iMxietions, and \\(' e.in- 
not sa\' that tin* earl)onat<‘s and idtrites are salts of Vdl- 
atile aeids, \'('t tin* de(*oin|x ►sil ion-pi’oduets of th^si* aeids 
are V(datil(‘ at o]<linary t(‘ni pei’aturc^s. ddn^ ih'eonijio- 
sition of earlxniatds by a<dds has Ixmmi pretty fully 
studied, tliouj^h att(‘nlion was ind; dii’ecdiMl to tin* fact 
tliat tliis kiinl of action may Ik* utlli/e<l for tin* purposi* 
of niakin<4 salts. As sonn* earbonat(*s occur in laryc 
quantity in natur<‘oi‘ in tin* inai'kcl, salts ai‘«^ fr(*(|nciitly 
nnnh* by tr(*atin^ tln*m with acids. Thus, imi^in'siuia 
sul[)hate is maih* by treatin;^ ina^in*siuin carbonate with 
sulphuric acid : 

! H,SO, Ar-SO, I H,0 1 CO,; 

and calcium chloride* is made by dissolving calcium car- 
bonate in hvdrochlorie^ acid : 

CaCO, t 2HC1 =. CaCl, -f- H,0 + CO, ; etc. 

4. J^y f ri afivy a Sfdl ef an inxolnhte aeid with aiioth' >' 
acid . — This case does iu)t oc.euir practically, as there aic 
no common, insoluble acids. The principle involved is 
illustrated to some (ixteuit by the (lecompositif)!! of a s<'l- 
LiVde silicate. Hodiurn silicate, for example, is soluble. 
When its solution in water is treated with an aci'l 
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Hui silicic acid is partly 2 >i’ccipitated, as we have seen 
Na, 8 i 03 -4- 2HC1 - H,0 :=^ 8i(0H), + 2NaCl. 

The silicic acid formed is, howev(U‘, not ])erfe(dly in- 
soluble in water, so tliat tlui reaction is not complete. 
Ill any case tin? reaction is not one that is used for the 
j)i('paration of salts. 

T). IDj the act ion of tiro nolfs upon eoch This 

iiH'thod can be Ix^st described by means of an example. 
Su{)[)ose it is desiriMl to prepare coppin* cliloride by the 
action of two salts n])on (‘acli other. (^)[)p(‘r chloride 
is soluble. If cop])er snl]»hate ami barium (ddoride are 
Inon^^ht together in solution, the products are insolubhi 
barium sulphate and soluble. cop[K‘r chloride : 

» OuSO, I - BaOl r. BaSO, f- CuCl,. 

By simply tilteriiij^ o(V tln^. barium sulphate, a solution 
of copjan* chlorides is obtaimah 

(). l)ij precipifotion. This method is illustrated in the 
formation of barium sul phat(‘, referred to in the last par- 
nmraph. Obviously, it is applicalile only to ditUcultly 
vSolubh' or insol ubl(‘ salts. iManv carbonates and plios- 
tiliates can be nnuh^ in this way. 

General Properties of the Chlorides, ^lost of the clilo- 
iiflcs of tln^ metals mo soluble in water without decom- 
])osItion, thou*.;!! many' of tlnun an' d('i*om])osed when 
hi att'd to a sutliciiuitly hiu'h t<nn])(‘rature with water. It 
will b(^ ri'iin'inlx'nal that the ehloriih'S of the non-ineta4- 
hc <)!• acid-foi’inini;’ ehnnents ai(‘ dr'composi'd by watm’, 
yielding the eorn'Sjiondino oxidt's or hydroxides. The 
rliloi ich's of soim^ (diumuits Avhich ai’e jiartlv basii^ and 
I’aitly ncid are only partly de(*ompos('d. ddds is illus- 
b;it(Ml by the chloride of antimony, which with water 
h'l ins an oxychloride : 


8bCl3 + H,0 8bOCd 4- 2HC1. 
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Tho chlorides of the most strongly marked inoialg 
like potjissimn, sodium, etc., are not decoiuposrd l)y 
water. Calcium chloride dissolves with great anj 
if the solution is evaporated, tiie cldoride is a^rjii^ 
obtaiiieil. If, however, tlie attempt is made to dii\c‘ oH 
all the water by heat, soni(‘ t)f tlu^ chloride is couvc'i tiM] 
into tlie oxidi^ as r('pr(‘S(‘nt(‘d in the ecpiatioii 

(kiCl, 1 H,() ^ CaO f t>HCl. 

Magnesium chlori<l(‘ is conip)IeteIy decoinposed, if its 
solution in wat(‘r is {‘\a[)orat(‘d to dryness, tln^ action 
])eing the same in charactiu' as that wliieh takins plaoi' in 
the c‘aso of c-alciiini i*ldorid<‘. d’lie chloiiihns of iron and 
aluniiniuin ami of many other nudals aid in tlie same w .iy. 
^>il\ er chloride and Jiicncurons chlojidi*, ilg'CI, aj(‘ ijisol- 
ul)le in wati'r. Lead ehloiide is dillieidtly soluble in 
wali'r. If, thi'i'id’ore, on adding hydroeldorie acid or a 
soluble cldori(h‘ to a solution, a ])recipitat(*. is tornied, 
tlie conclusioji is genei\allv justiliinl that om^ or nioie of 
tlie tlii’ee nndals sil \ (‘r, hn-id, or inenmi y — is |)r(‘sent. 
By taking iido account the ditlerences between these 
chlorides, it is not dillicult to (Imdde of which of thmn a 
precipitate consists. 

The chloridi'S are for tin' most ))ai t stal)l(‘ when Innated, 
though a finv lose som(‘ of their iddorine just as ])hos- 
})horus ])entachloride does. An example of this is jiii - 
sented by platiidc idiloride, iTCk, which when liindcd 
breaks down into platimnis chloride, and cldoriiie : 

LH(d, r::. TtCl. -f Ck. 

The chlorides ar<‘ for th<‘ most j)a,]*t de(‘omposed wlnni 
treated with sul])hnric acid, as has biam shown in tlic 
action of sulphuiii* acid upon sodium chloridm Ididef 
tliese cireumstanci's hyilrochloiii; acid is given olf, and 
thii sulphat(‘ of tlie niidal with which the iddorine 
in combination is formed. In genm'al, the reaction is 
lepresented by such m[uations as tlie following: 

2MC1 + 1\CS(), + 2H( 1 ; 

MCI, f H,S(), MSO, f 2HC1 ; etc. 
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[aid or ordinary circuinstaiices, clilorides are not decom- 
|),)S('d by any acid except sulidiuric acid. 

The So-called Double Chlorides and Similar Compounds 
of Fluorine, Bromine, and Iodine. — Tli(‘se compounds and 
pK'ir rtdations to the oxygen salts liave IxMai ri‘peatedly 
v('tVi nHl to. Many cliloridi's combine with the chlorides 
of the stroiij^er metals, like sodium and potassium, forming 
woll-oharacteri/ed comjiounds. (Jenerally, these double 
chlorides an^ analogous to the oxygen salts in com- 
position, diirering from tliem only by cojitaining two 
;itoiiis of chlorine in the ])lace of each of the oxygen 
iitoiiis. As (‘Xain[)h‘S of tht‘S(‘ salts of the cJiIoro-dcids 
thosi'. which are formed by th(‘ chhu-ides of platinum, 
aiitimoiu’, (dironiium, and gold may be nnnitioned. 
rialinie idihiride, IHC'l^, combines with other chlorides, 
fenuing salts of the geiu'ral coni|»osilion (‘xpressed by the" 
foiiiiula Ptt'l^ I 2M(d, or ^l,dh(’l„. Antimonv (ddo- 
rid(', eo ifll lines with thrm^ niolecuh‘s of potassium idilo- 
iid(! forming th(‘ coinpoinid Sb(d.^ - .‘1K('1, or K^Sbt'l,. 

( lironiium idiloridi' foi’iiis similar c(»m})ounds, K.j(h(d,,, 
Xa.dhd^; and gold cldoriih* forms compounds of the 
geiK'ral formula MAuC'l,, which may be ii'garded as 
made uj) of on(‘ moh'euh* of a.inie cldoridi', AuCl,, and 
eiK' molecule of a (dilomhh' lik(' polassinm iddoride. 
A earcd’ul study of tln^ doubh‘ cddoi ides and tlu^ similar 
miiipounds of lluorim‘, bromim', and iodine shows 
that th('. (djlorid(‘S of sodium and potassium, and of the 
<tl li{*r (dtummls of the groiij* to whi(di thesi* imdals be- 
haig, combine with most otlnu' iddorides to foiin so- 
lalliMl double salts, and that (hr iiiniihvr ()f mofccules of 
jtohtssi inn or sod i inn vhlorldc irhivli voinhhio irdh. anofJirr 
chloride is liinifed In/ ihe nninhrr of cldorine otonis eoiihn' in d 
'n fhe offtcr cJiloride.''' ddins, a cdiloriih' of the formnla, 
^bd, may form the doubh* (ddoriih's AU'l.,. K(’l and 
AH d..‘2T\(d, but not Al(d....‘>K( 1. So, fnrtlnu*, a chloride' of 
da' Jormula l\r(d,,may form Ihrei' dilh'i'c'ni double cldo- 
dd('s with the same metallic chloride. Those w ith ])otas- 
^i'lm will have the formulas 3l(d.,.K(d, M(1.,.2lvCd, and 

■ riu'n* uie a few r‘xcc|)li()iiR to this Mile, but it undoubtedly bolds 
g'j 'il in by far the largest number of cases. 
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MCI 3 . 3 KCI, but ;i double eliloride of tlie f<)riniil,i 
^[(d.,.4rvCl uiid more eoiupliejded e;ises seeiri to be im, 
])()ssible. Doublt^ lluori(l(‘s ;ir(‘ known in large numbi is. 
Among tlie bi'st-known art' tlu' iluosilieatt's. Aluminiii m 
forms double! lluoritlt's, out' of \\liit*li, liasing tlit' formii|;i 
Xa ,Alt\, or AlF.,..*»Xa is tiu' w (‘ll-kiiown nnn(‘i ;i! 
rnjoiifc. All tlu'st' so-eal I(‘d “ doublt^ salts” art' t'.isilv 
explained b)' ibt' aid t)f tli<‘ li y])t)tlu‘sis that tlie lialogeii 
eontaiiu'tl in tlit'in lias a valt'iiet' grt'att'r than out', ni.d 
that a doubh' atom, likt' ( 1 ,, F.., tde., or -(4 (4 , -b I' , 
plays th(' samt' part that oxygt'ii tlot's in tin' tixNgeii 
salts. 4ln' following tabh' eoiitains tlu^ gt'iit'ral for 
mulas of tilt' possibh' thnibh' eh loiiilt's with potassium 
eliloride, aetairtling to tin' aliovt' vit'w eoneerning tlu'iii : 

AlCl.KOl i\l(4,.K(:4 :M(_43 .IvC 1 i\rCl,.K(4 

A[(4,.i^lv(M M(4.yJK(4 Aldf/2K(4 

MC4^.4K(Jl AI(4,.;iK(4 
MCl,.4KCl 


riiese may also Ix^ written thus : 


KMCI, lOK'l, 

KM(4, 

101(4, 

ISMCi, 

K,:M(4, 

K.AI(4, 


K>I('i; 

K,M(4, 
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Different Chlorides of the Same Metal. Just as snl- 
])hur, si'lt'iiiuni, phosphoi us, and tin' otlit'i’ aeid-fornnim 
elenn'iits eombiin* with ehlorint' and tin' other nn*iiil)' is 
of tin; t4ilorine grouj) in mort' than ont' ])ro])or(ioii. se 
many of the metals eondiinti with tin' nn'inln'is of fl" 
(4iloi-ine group in moi’e tha n oiu' propoi'tion. 44ius, met - 
(‘ury forms tin', two ehloridc'S, llg(4.. and Trg(4, know ii 
ri'spi'eti vely ;is mereiirie ami mercurous ehloridi'S ; ii 'ii 
forms tin' two ehloriiles Fe(4., ainl Fe(4,., known as fm i i<' 
and ferrous chlorides; and tin forms stannic chlorile, 
Sn(4^, and stannous chloride, Sn(4... 44ie convi'ision 
a higher chloride into a lowi'i; one is called an acf 
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i( iluction. Tlie elianj^o can generally be effected by 
jiirans of nascent liydrogini : 

SnCl, + 2H ^ SjiCl, f 2HC1. 

FeCl^ +11 — IV ( '1.^ 4^ liCl. 

Tlie convcn'sion of a lower elilorab' into a liiglier one is 
,(>(MH‘rally spok(‘n of as an act of oxidation, for the reason 
iliat it is most commonly etlected by the action of oxygen. 
Tims tlie most conv(mi(mt way to transform hoTtaiis chlo- 
l idi' into h'rric chloride is to treat it in solution in liydro- 
i hloric acid with an oxidizing agtnd, wlnm a, doiil)le aclioii 
tale's place, as ret)reseiited in tlu' following e(|iiation : 

2F( (T, 1- 2K(11 -I- () ^ 2LVVT, + HV). 

I'hc same idiange can be elfectcal by the direct action of 
rlilorine : 

a TeCI, -f- 01 FcCl,. 

Til this case it would obviously be incorrect to sp(\ak of 
the [)roc(‘ss as one of oxidation. 

Aiiotln'r nu'thod oi reduction, besides that lad’erred to 
:ih()V(', involving the action of jiascent hydrogen, is that 
illustrated in the <M[uation 

2Hg0lH- Sn(’L - 2IIg01 + SnOl,. 

Til this case mercuric chloimh' is changed to imu'cnrous 
rliloride bv the action of stannous chloride, ddie lattin* 
unitr's with chlorim' so nuidily that it extracts it from 
''> 111 '' otluu* chlorides, and is itstdf transformed into 
slaimic chhu’ide. AVhile, tlnu'efoi’e, we say that the 
''taimous (ddorido lUMlma's tlu' mercuric chloride, it is 
' ‘lually trui' to say tlmt the mercuric chloride chioriuaffs 
till' stannous (ddoridc'. 

Oxides.- Tdie oxiih's occur V(U'v extensively in nature, 
'""1 are among the most common ores of some of the 
ciiportant metals. Tdm oxides of iron, tin, and man- 
ganese, for (‘xainple, occur in nature. They can Ix^ madt^ 
hv oxidizing the metals, bv heating nitrates, (‘arbonates, 
:tiul liydroxi<les, and by luxating some sulphides in con- 
hn t with the air. 
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AVIieii ina^tiosium is Luniod it is ('oiivi'rtod intc 
iK'sium oxide : 

AVlieu liaid nitrate is liealed it ‘five's otV oxyneu ainl lui 
oxide of nitrogen, and lt‘.id oxid(‘. is Inl't ])eliind : 

'W'Jien ealc'iuni nai lxniate is hvuteil it \ ie](/s cnh'iuiu oxido 
and earl)on dioxid(‘ : 

CiiCCK^CnO -l CO,. 

’^^dlen alimiiniruii ]iydr()\id<‘, AI(()ll),, is Iieated it losrs 
xvater, and aluininiuin oxidi; is lidt behind ; 

2A1(()]1), M,(), + 

'JMi (3 sulphide f)f iron, xvlnni In'ali'd in contaet witli tlic 
ail', oi' “ I'oastial,” is (‘on\ ( uI(m 1 into lerrie oxide and sul- 
phur di()\i(b\ 

^lost of the oxides of tin' nndals aiu' insolubln in wattu', 
Tliose of (ii'ou]) A, Family i, arc* soluble*, but arc* eoii- 
vertc*cl bv watc'i' into the* c*orrc*spc)nclin<;‘ hyclroxich'S. 

ddn* oxidc'S arc* ac*tc*cl u])on ^c*nc*rally by ac*ids foriiiiiii.' 
the* eori’C'Spondin^ salts. If tin* salt with a ec*i tain at id 
is insoluble, the* salt is not fornic-d by tin* action of tli.it 
.acid on the* oxide* uide*ss the* ae*id or its aidiydridt' is 
fnsiieh* and not volat ih*, w he*n by fusing’ the 'in top;e'the'i' t lu 
salt is formed. 

DitToront Oxides of the Same Metal.- Just as theie* .lu 
ditle*r(*nt chloride's of the* same* nic'tal, so the*re* are'dilln- 
e*nt oxieh'S, and imle'C'd the*re* is ^le'ate*)' x'arie*tx anioiia 
thc'se* than amon^ the* e-hlorieh'S. Iron foians thi'c'c* oxides, 
ferric* oxide*, l''(*J )„, terroso-fe'i rie* e exie h*, Fe* 0,,and le*ri ('ii> 
oxide, Fe*( ) ; me*i-e*ury forms the* two oxieh'S H^d) and I le < ^ ’i 
(‘te*. d'he lowe*r oxides are e-on \ c'l tc'd into the* liii I" ' 
b\' oxidation, and the hi;.^her into the* lowe*!’ by re'du' - 
tion. Thf^ hij^her oxide*s of se*veral of the* mc'tals i"' 
acidic. Uiis is markedly so in the case of chromium .nal 
inan'^anese. 
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Hydroxides.— Tlio hydroxides are formed by treatiii^^ 
s with water and by d(‘eom])osiii<^^ salts by addinir 
solnlile hydroxides to tladr soliitioiis. In gen<‘ral, when- 
:i ^^:dt is decomposed by a stron<^ base, tli(‘ bas('- of 
tin' suit se[)arMtes in the form of tli(‘ liydroxide. The 
foiiiiMlion of a hydroxide^ by tlie action of watt'V on an 
is well illustrat(‘d by the action of water on lime 
or cah inni oxid(‘, a process which is familiarly known as 
shiLru'J ■ 

CiiO b 11,0 (ki(()ll),. 

Most of the hvdroxhh'S of the nndals an* insoluble in 
uiit( r. tf a solnbh' hydroxide is added to a solution 
ciuitaiiiinu!; a nndal ^vhos^‘ hydroxide is insoluble, the 
jattar is preci})itab'd. Thus, if a solution of sodium hy- 
ilio\i(l(' is addl'd to a solution of a niagnesiuin salt, 
iaa,uiiesiii m hydroxide is pri'eijiitated : 

iVlKSO, I- 2NaOll Na,S(), l-MefOH),. 

So, also, will'll a solution of a ferric salt is treati'd with 
soiliuiu hydroxide, a tireeipitate of h'rric hydroxide is 
inriiied : 

Td'(M, ! dXaOll dNaC’l ! heiOHV 

t )iil\ t lie hydroxides of the ineiiilx'i-s of Ihi* ])otassiuni 
t:iiiiil\', and some of tlu' mi'iiibers of tlu' calcium family, 
solubh' in water. d’lu' li\dri>xides of sodium and 
l"'tassium are ealh'd til L’al it's. 'The solution of ammonia 
111 ualer acts like a solubh' h ydroxide, ami ])robably eou- 
'iiiiis ammonium hydroxiih', N 11,(011), foniunl by the 
-u tioii of watc'r on ammonia : 

NH, 1 I hi) MfjOll). 

when any one of tlu' solnbh' hydroxides is added to 
II ^ ilt (‘outainine any metal which does not Ix'lone to tlie 
k'liissinm or calcium family, an insoluble eomjionnd is 

k'i'iiK'd. 

^'' (‘omposition of Salts by Bases. — Tlie decomposition 
“'1 ' hts hy base's is analo<i;ons to the deconifiosition by 
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nri(h. When ;i soiiiMo huso nets njxm a salt, tiicjo 
four ])()ssil»lc kinds ot action : 

1. Tlio Imsr from wJiicJi the salt is deriyed niav 1,,* 
volntile, or niav hn^nk uj), yielding- a volatile ])rodij,4. 

Tn this cas(‘, (h‘coni position takes place and the volalih^ 
haso is t;iv(Mi off. ddiis is not a coniinon cas(‘ 
allloJl;^• th(‘ coiiipoiinds of carhoii. The one illiisi 1 atidii 
^vllic*h we Inive liad is tin* (h'composition of ainnioiiiiiin 
salts l)y calcium h ydroxide and sodium liydi’oxido, w li.-n 
tlu' volatih‘ com[)ound ammonia, is divcn olf. 

‘2. Tht' liydroxid(% or base fj’om which tli(‘ salt is da- 
riv(Ml, may la^ insoliihlo or dillii-ultly solul)lo in ^\atta, 
and not volafihx 

In this cas(‘, if both th(‘ salt and the base are in solu- 
tion, decom}>ositi<m takes place, and the insolu])lc nr 
dillicidtly solublo liydroxid(‘, or l)as(^, is pr(n‘ipitat(‘(l. 
^rids lias aliuaidy laam illustrated. 

11. Tlie base from which the salt is derived mavlia 
soluble and not volatihx 

This is the case, for (‘xamph', when sodium h> (li'oxi(l( 
is addral to a solution of potassium liitrate. lfer(? sodium 
nitrate, potassium nitrat(‘, sodium hydroxide, and pot;is- 
siuni hydroxidf^ may all b(‘ piu^sent in the solution, ;iiiil 
investi|Lj;ation has shown that all are present and that tim 
(piantity of (‘a,ch de]>en<ls upon the masses of th(‘ siih- 
stances brou^dit to^^etlun*, and u])oii their atlinitic's. 

4. The foui'th case is that in w hich a solul)le h vdroxi<lr 
foinis an insoluble salt with tlu'! acid of a solubh* salt, 
leaviiii^ a solublo hydroxide in solution. 

This is illusti’ated liy tlie action of calcium livdroxidi' 
on a solution of sodium carbonate', wdn'ii insoluble* cal- 
cium carbonate* is thrown eh)W’n, ami se)elium ]iyelre)\ idr 
remains in sejlutiem, as re])resenteel iii the eqnatie)n 

Xa/!0, + Ca(()H), ^ 2Na()H + CaCO,. 

Some basic hyelroxides, whicdi are ])recij)itated by solu- 
ble liyelreixiele's, have a weak ae-iel cliaracter, anel, after i lu'V 
are preen j)itateel, they redisseilve in an exe'ess e^f the solu- 
ble hydroxide. This is true. fe)r example, of aluminiinii, 
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,],ioiniiun, and lend. TIk; siilt-like coiiipouuds thus 
foiiiH'd :iro generally unstahln. Tlu; ju-ecipitation 

iiid siihsocpiout solution of tlio liydroxidi's of the three 
ijitdals uanied take plaee tluis : 

AKd , + dXaOl t : : Ah oll), + dXaCl ; 

Al(()iil, +- dNaOli AliONu), ] ; 

CrCl^ [ dNaOit (hyOH), j dXaCUi 

Ci(()H),, \ dHA) ; 

VbiNO,’), ! ‘iNaOH -=^ ri)(()HL + ‘-!XaN(X, ; 

rixoHx [-‘2Na()H rhiONa), i m,(). 

Til soiiH' cases where :i soluble hydi‘o\id<‘ is added to a 
suit, au oxide is ]»r('cipitat<Ml iiistiaid of the hydro\id(\ 
'This is analogous to tie' formation of an anhydriih^ of 
Mil acid insti^ad of tin* acid ilsidf, as when carlioiiates, 
sulpliiti's, and nitrites ai-e (ha'omposi'd. 

\\ lum a silv(U* salt is tiasated with a soliibh' hydroxide, 
silo r oxide is at once precipitated, d’lu' sanu' is true of 
mercury salts : 

‘2AgN(h I- ‘2K()H - Ag,() I **/> + tiIvNO, ; 

Tlgd, h ‘^NaOH llgO -I HA) -I 2XaCd. 

It is probable that tlic' tb'st product is tin* hydroxide, 
ami that this bnaaks <lown into the oxide and water: 

‘AAgXO, + 2K()H - 2Ag()k[ + 2KX0, ; 

i^AgOK . A-O 1 lU); 

HgCd, + 2Na()H Hg(Oll), + 2XaCl ; 

Hg(()KX- llgO + llJ). 

Some hydroxi(h‘s aJ(i convau'ted into the oxides by 
siiujily boiling tlu^ li([uids in whicli they are suspended. 
Thus, w'heii a salt of co])per is ti’eated with a soluble hy- 
Tvoxidc, co])[)er hytlroxide is first preciihtabnl ; but if the 
i^ehilioii jji which it is suspeudtal is boiled, it is soon 
changed to the oxide : 

Cu80, 4 - 2XaOH = Na,80, + Cu(OH), ; 

Cu(OH), CuO + H,(). 
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The Jivdroxiilos coiro^pomlin^ to some of f|i,. 
oxide.s of tlie iiietiils, as those of chromiuin and 
>^se, an' a(‘ids. 

The Ji vdroxides of most of the metals are deeoinpnso,] 
l)\' Iieat into u'at(‘r and the eorn'S])oiidin^ oxides. Those 
of fli(' alkali metals, as potassium and sodium, ai(' jiot^ 
howa'ver, deeompostat by lieat. 

Sulphides. — ’Many sulj)]ii<les are found in natui(', ;is^ 
1or exam})le, iron pyri<('s, TVS.. ; Jcaid sulphide', or ^ah u- 
ite', PbS ; copper pyrites, T\'(hiS.^ ; etc. They are' iiiailc 
in the laborateery by heating me'tals with snlpliur ; hv 
tre'ating solutions e)f salts witli hydrogt'ii sul[)liid(' ; Itv 
treating solutions of salts with soluble', snl[)hide's ; ami 
by redue'ing sulphates. Atte'idion has been ealh'd to the 
fact that the' sulphide's are' anale)ge)ns in ee)mpe)sitioii to 
the oxieles, ami that they aie^ te) be^ re'gareleel as salts of 
hyelre)gen suljehieh' feu’me'el by re^elaeuug tlie hyelrogcn of 
the^ aeiel by metals. 

The formation e)f sulphiele's by the elireet ee)mbinarn)ii 
of snl[thnr with the^ me'tals is shown in the fe)rmatiejii of 
lead sulphiele ami e'eeppe'r snlphiele : 

:i>l) _|_Sr.^PbS; 

2CU S Cll.^S. 

The formatmn of sulphieles by the actie^n of hyelre)L;vn 
sul[)hielei U])on sedidioiis eef salts was elise'usse'el at soim' 
h'ligth uneh'r Hye lre)ge'n Sedjehiele (whie*h see). The' e'\'' 
tensive' use tnaele^ of this re'ae-tioii in edie'mie'al a,Jia]\sH 
was alse> i*e*fe‘rre'el te). 

The ae'tie)n of se)hil)hi sul])hieles or se)lutie)ns e)f smHsis 
in ge'ueral the sanies as that e>f hydreage'ii sulphiele', but m 
some5 e'ase'S, in whie-h the formen* will mat ae't, the' lali'i’ 
will. Thus, hyelre)ge'n sul])hiele will ne)t ])reci])itate iruii 
sul[)hiele from a se>lutie)n of an ire)n salt, because' non 
sul[)hiele is easily ae-teel upe)n by elilute ae iels. 'J 
when hyelreege'n snlpliiele is passed inte) a se)lutioii 
fe'ire)us cldearide, it naturally temels te) form the sul- 
phiele FeS: 


Fed, H,S FeS + 2HC1. 
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But IVirous sulphide, FeS, is acted upon by dilute Ly* 
iicid, uud is converted by it into ierrous cldo- 
rule and iiydrogcii sul])liide: 

rcS + 2HCl=r:FeCl, + H,S. 

It is tlieieloie obvious tluit tlie lirst reaction cannot take 

jilacf'. 

Jl, liowever, a soluble sulphide, as sodium or ainmoii- 
iiiiii sidphide, is added to a solution of an iron salt, iroji 
.siilpiiido is i)re(*ipitate(l, as in this cas(i m) free acid is 
Thus, when luiToiis chlcuiTe aiul iuiunoiiiujii 
sul|iln(l(i lU'u brouglit togiThui- tlio reaction takes place 
IIS 1 t'j ii'esented in the etpiaiioji 

TeCI, -1- (XH,),S = FeS + 2Xn^CT. 

til atumoiiimii clihHi.l.' the ferrous sul|.l)i,h' is imt 

The formadou of'a, siilphiTe ),v reductieii of a siil- 
phate, is illusli-aled l.\ ilie foniiali..u c.f lairiuiii sul|.ldde 
liv lieatiiig a mixture of l.arium sulpliate ami eliarcoal : 

];aS(), + IC FaS -I- 4('0 ; 

iiiid l)v' tile forinalioii of copjK'r s\il]diido by lieating 
<‘()|iper sulphate in a curvimt of hydrttoen: 

(hiSO^-|~ ITI, CuS-l- 4H,0, 

Tlit> sulphides of tln‘ alkali in(>tals are soluble in 'water. 
llK'Seof the otlu'r nu'tals art', iusolubhn It sliould he 
‘'‘tiiark 'd, howevt'r, that aluminium and ehroinium do 

lorin sulphi(lt‘s, or, at least, it tln'V do, th(‘ eoinpounds 

'IcconipostMl by wattu* into h vdroxidtes ainl hvdront'ii 
•'^‘ilpliithn Ihiriuiu sulphide is <h‘compos(Ml l)y vvat«u‘, 
-iiid ])r(d)ahly ma<^uesium sult)hide :dso. 

1 he sulphiih's art^ stable Avlnm heated 'without aceess 
*d,iir; hut if heated iu the air ilu'v are converit'd into 
‘’^’d(‘s of the metals and sulphur dioxide, in some 
''iNcs, they take uj) oxvgtui and a,r(‘ con vended into sul- 
pJ>;>t(‘s. The (‘onve'rsion of sid])hides into (Txidos and 
'^^h]»hur dioxide by heating in contact with the air has 
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been roponttHlly referred to. Tlie process is carried (,| 
on the lar^e scale in the preparation of iron ores for i,>- 
dnction, and is called nxhsfimj. The conversion of a 
sulphide into a snlidiate bv heating is a simple ])roc('ss 
of oxidation. Co])p(‘r sulphiih' is converted into tlK* 
sulphate when lieated for some time : 

CnS -I- lO C!nSO^. 

This is the reverse of the reaction mentioned by whicli a 
sulphate is convcnded into a sulphide b\ reduction. 

Some sidphides, as those of sodium, ])otassiiini, and 
ammonium, take u[) sulphur in jiiuch th(‘ same way lliat 
they take up oxygmi, and form the pol\ sulphides. Tlic 
tw'O reactions appear to lx* (Uitirely analogous: 

K,^S -b 40 =. K,vS( b; 

K,,S -\ - 4S lv,.SS,, or Jv,,S;,. 

Hydrosiilphidos. — Th(‘ h vdrosul[>hi(h'S Txnir the saiji(‘ 
relation to the sulphiih's that the liy^boxidi'S Ix'ar to tin 
oxides. They arc" not, howeviu', as numerous nor as 
easily obtained as tln^ hydroxiih's. A\ hen a hydrosiil- 
phi(h% as, for ('xani[)le, [K)tassium hyd losul pliide, KSll, 
is add('d to a salt containing a juetal ^vhos(‘ sulpliidc 
is insoluble, the sul}>hide, and not the h vdr< >sulphidc, 
is pr(H*ipitat(Ml. ddnis, co})per snlphatci and potassiiim 
hydrosul})hido give; cop[)er sulphide : 

CuSO, + 2KSH: - OuS I H,S + K,S(),. 

If the reaction took ]>lac(^ in the sann^ way that itdo('s witli 
the hydroxide, the ])roduct would be copper hydrosid- 
j)hide : 

CuSO, + 2KSn Cu(8I[X + 

If this is formed it certaiidy l)reaks down into co))p'‘r 
Hul|)hide and hydrogen suljdiide, in the same way th d 
copper hydroxide breaks down into copj)or oxide iui'l 
water, only more easily : 

Cn(RH), rr.Cii8 +H,R; 

Cii(OH), =: CuO + H,0. 
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Tlio only liyclrosulplii(l(‘s liiiowii are dorivecl from the 
lueniber.s of tlie potassium and calcium groups, and these 
are soluble. They are formed by saturating solutions of 
corresponding hydroxides Avith hydrogen svdphide. 
rotassium hydrosulphido is formed thus : 

KOH + = K8H + H,0. 

Aiiiiiionium hydrosulpliide is formed thus : 

NH,OH -1- H,S ^ XII, SH -f H,0. 

It also appears ]ir()bable tliat Avhenever a sul})liide is 
dissolved in Avater it is converti^l into a liydrosulphide 
and a hydroxide. Thus it s(auns to be true that potas- 
sill 111 sulpliide is converted into the Jiydrosulphide and 
hydroxide : 

K,S + 11,0 ^ KSII l^OH. 

Sulpho-salts. — Tlie relation of the snl])ho-salts to the 
sulpliides has alrcnady been explained. It is like that of 
th(‘ ordinary oxygen salts to tin' oxides, and that of the 
cldoro-salts, or double chlorid(‘s, to the cldorides. Thev 
arc formed liy dissolving tin' snl|)hides of ciudain metals, 
jtarl icnlarly tin, arsmiic, and aidiniony, iu the sul[)hides 
of tile members of the [lotassium group : 

As,S, + :iK,S t^lvVsFJ, ; 

As,S, d :IK,S t^Tx .AsS^ ; 

SnS., -f- Jv..8 K.SuS^, etc. 

Those sulpho-salts are decomposed by the ordinary acids, 
the insoluble sulphides being pnadpitated thus : 

2K,AsS, f ()HC1 ^ As,S, + (IKCd + 3H,S ; 
2K,AsH, -f OHCl =: As.,S, + ()K( d -f 3H,S. 

Nitrates. — The nitrates ari‘ formed by dissolving the 
i^adals in nitric acid, and by tianating oxides, hydroxides, 
♦^^aibonates, and some other easily (h'composml salts Avith 
^'dric acid. The action of nitric acid upon metals Avas 
'I'^oiissed under the head of Nitric Acid (Avhich see). It 
pointed out that the acid gives up a part of its 
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oxygen to tlie iiiet.il and forms different oxides, accoi,]. 
iiig to the conditions. Thus, when the acid acts u|M.)i 
eop[)er the main product of the r(?dnction is. nitiic 
oxide, hut by changing the concimtratioii of tlie acid a 
considerable <piantity of idtrous oxide is formed. A\ lieu 
y/inc is dissolved in nitric acid a part of the acid is 
1(^(1 need to ammoida. 

The nitrates a.r<i soliibh'. in water, and all are dcH'oin- 
posi'd by lusit. Some of tlnun wlnm lu'ated lose oid\ ;i 
tldrd of their oxvgen and are re<luced to nitrite's. '\ Ids 
is ti-iie of potassium nitrate', the dece)mpe)sitie)ii e)f winch 
is represeuiteel by the' i'e[uation 

KXO, KNO, f O. 

]\[ost of the nitrate's, howe‘^er, are de'composeel fnrlli('r, 
fe)i^iing oxieh'S. 'This 1ms be'e'ii sliown in tlieM*ase' eif h ad 
nitrate', whiedi wlie'ii he'ate'd is e*e)nve'rte'd inte) h'ad oxiih', 
"while nitre)gen ])e.'roxi<l(a and oxyge'ii are? giveni e)ll : 

rixNOA rbo + 2x0, | o. 

If t]u3 e)xide e^>f thea me'tal is ele'e‘e)mpe)S('el by heat, as in 
the case', of mercury, eef ceeiirse the', product will lu; tliii 
me'tal. 

Chlorates.- 'These' salts, e'xe‘(‘])t potassium e'hlorate', ar.' 
not e’ommoid V nu't wit h. Ihetassiiim e'hlorate is iiiaiiii- 
faetnie'd in large' epiantitv, and tlie^ e)tlie'r e*hloi-at('s am 
geiK'rally nnnh'. from it. ddie eddoiaite's are' soluldi' iii 
wat('r, and aie' eh'e'om pose'el by he'at nieai’e'. e'asily than the 
nitialcs are*. 'Tlu'v aia* tirst e*e>n \ e'l tcel into pe'i‘e-hlorat< s, 
and llie'se' are fni'the'r ele'e-ompose'd by Idglilif he'at iiit" 
chlorides and oxyg''n. 

Idle? ai-e' forme'el by treating seime' ot the 

nie'tallic liydroxieh'S in dilute? solution with chloiiie- 
Tills has Ix'e'U il 1 list rate'el in the? formation of “bh'a( lin'h 
puiwele-r,” whiedi eaeiitains e*ale-ium li y])()chh)rite? or a cone 
pemnd e*h)S('ly 7'e‘late'el te) it. Idle hypoe*hlorite'S, lih' the 
chlorates, are* eh‘e'ompe>se‘el by he'at. 

Sulphates. — Idie? ge'ne‘i*al J’e'lalions of tlie sulphab "" h» 
sulphurie? acid we?re tre'ateel eaf uneh'r Sulphuric Acit 
(which see). Se>m(? e)f these? salts ex'cur in nature? in !em,< 
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qiijiiitity, {IS tlioso of (*}il(*iiijn ainl barium. Tlie foriia^r 
is kiiowii as (jyP’Siun^ the bitter {is Imurn spvr. Sul])ljates 
;iie in{i(le by tro;itiiig niebils, JiK'ti-illie Jiydroxidi^s or ox- 
ides, c{irboii{ites, etc., witli sulpliui-ic ;icid ; ;ind b)' treat- 
ing a solution cout.-niiiiig .a metal whose sulphate, is 
iiisolubhi, with suljjliuric acid or a se)luhle su]])liate. 

Ziuc and iron give hydrogen and {i siilpluite when 
to'ated witli suljihuric acid : 

Zn + H,S(), ZnSO, | li; ; 

To 4- ^ ^ I’ <‘S( ), H 11,. 

ddiis kind of ;iction t.akes place wlnUK'ver a iiudal is dis- 
sdImmI ill sulphuric {icid at llu' ordiii.ai'y ti'iiqiei'ature. If, 
liowi'ver, the tem])('ratur<‘ is raisial tlu' displaiaal livdro- 
gtsi acts upon soiiu' of tlu' sulpliui ic aciil, or tlu' iHetal 
extiju'ts soiiKJ of tli(‘. oxA'gcn of tlu' acid, leducing it 
p.'ii tly to sulpliurous iicid, wlicii sulpliur dioxidi* is givim 
cir. ddiis liapp(‘iis ill th(‘ cas(' of I'Ojiper, ;is has been 
])()iid-ed out. It nuiy be ngiri'smited tdther by thcsi' 
equations : 

Cu + IhSO, -r -4- TT : 

H,S(), 80, i 1^0,0; 

or liy these : 

Cu + H,S()^ rr CuO -I- so, + H,0; 

CuO 4^ r-ir (dlSO^ I 11,0. 

% 

ddie action of sulphuric acid on nndallii; liydroxides 
lias beiui fullv describiMl. 

^lost sul])hat<‘s ai’(' solubh^ in wiitm*. Idie suljdiati's 
‘d haidum, stiamtiiim, ami haul are iusolubk' in wai(U‘, 
and tile sul]di;d(' of cahdum is dillicultly solubhe ddien'- 
OtT', if sul])huri(' aci<t or a soluble sulphate' is adeh'd to 
a "Solution containing e'illu'r of the mi'tiils, barium, strou- 
biim, or h'ad, a jui'c'ipitate is formed. A ])i’('cijntate 

also formed Avhen :i concmitnited solution of ii calcium 
■^alt is treated in tin' same xvav. 
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Wlieu liojited with cluircoal in tlin reducing tiauK ,,f 
the blow-pipe, siil])hates art; reduced to sul 2 )hides : 

K.SO, I 4(^ r^ KS + dCO, or 
K;S( ), + . K,8 + 2CX),. 

S)ilpJn'f(‘s are made from sodium or potassium sub 
phite, which an' made by treating sodium or i)otassinm 
hvdroxido in solution with sul})liur dioxide: 

2\a()H + SO, =- Na,S ()3 + IL,0. 

All sulphit(‘s are d(‘compos<'d by the common acids, 
sul[)hur dioxide being given olt : 

Na^SO, -I- H,S( ). =: Na,S( ), -f H,0 + SO,. 

Xlie snlpliit(‘s are cliangc'd to snl[)lia.tes l)y oxidation. 
Thus, sodium snl[)hit(' is cliang(Ml to the sulphate wlitui 
its solution is allowed io stand in (‘ojdact with the air: 

Na,S 03 + O ^ Na,SO,. 

Xlie sul[)liites, lik(‘ tlu^ sulphate's, are reduced to sub 

pllide'S. 

Carbonates. — Alany carleonate'S are found in natiiic, 
some of them in grmit abundance and widely dislrih- 
iite'd. Idu' ]U'iiici})al om^ is calcium carbonate. d’li< v 
are* made by passing carl)e)n elioxieh' into solutions e)f hy- 
droxide's, anel by aehling solubh' cai'bouates to solutions 
of salts containing metals wliose carbonates i^’e insolu- 
ble. ■ . 

The fenaimtioii of cai*bonate's ])y the actiean of e'nrhoii 
die)xiele on a solutie)n eaf hydroxiele is illustrated in the; 
case e)f pe)tassium Jiydroxieh^ : 

2K( )II f CO, .. K/JO, + H,0. 

The formation of calcium carbonate tabes place in 
same way, but the carbonate formed is insoluble : 


CafOHX + CO, CaCO, + H,0. 
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If in either case the action is coiitiiiuefl, the normal 
caihonate first formed is converted into acid carbonate : 

K^C03 + GO, + 11,0 = 2KHC0, ; 

CaCO^ + CO, + H 3 O Ca ) . 

H, j 

All normal carbonates exce])t tliose of tlio members of 
the potassium family ai‘(‘ ijisol ubl(^, ami are decomj)f)sed 
1 )V heat into cai-bon dioxide niid tin' o\i<le of tln^ metal. 
The decomposition of calcium (‘arboimte into lime and 
carbon dioxide is an exam})le: 

CaCO, CaO + CO,. 

When a soluble, (‘arbonati^ is add(‘d to a solution of a 
calcium, barium, or strojdium salt, the cori‘(*s})onding 
iiisolul)l(3 carbonate's are' pre‘ci[)itat(‘el. lie'ii a magne- 
sium salt is treated with a soluble carbonate, lie.)weYer, a 
basic, carbonates is precipitated : 

4M-S( >4 -b '(>3 4- 21 1 .0 -- )lI).{C03).i -I- 2Nn,S()4 -{- IT^SO*. 

This salt, which at tirst sight a])])ears to be quite com- 
])licated, is in all preybability de'rived from thre'e' mole- 
cules of carbesnic acid and four of magne'sium liNelroxide', 
as ropresenteel in the formula on page' dSS. jManv other 
Jiie tals give basic carbesnate's under the' same conelitiesns. 
bnithe'r, some of the metals, like' aluminium, cliromium, 
and tin elo not foiun s.alts with carbonic aeiel. Tf, tlu're- 
fere', sa,l these metals are' ti-eate'el with soluble car- 

hoiiaie'S, the eaxides or hyelroxieles are thrown elown, and 
rot the', carbonates. 

Phosphatoa. — (kilcium ])hos]>hate is ve'rv abundant in 
iiaiure', and a few e)ther ])he)s])hat('s are also founel. Tlie 
me thods useel feu’ making ])he)s])hat('S are the same as 
biose useel in making salts in ge'iie'ral. 

I he nesrmal ])lios])hate‘s e)f all the metals except the 
iiie iubers of the potassium family are', inse)luble in water. 
1 he ne)rm{il phosphates, as a rule', are not changed by 
he at. Tlio secondary phosphates, such as seconelary 
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sodium p]iosj)lj;do, IlXa^PO^, lose water wiieii Jieated 
and yield pyrojdiosphntes : 

2 HNa,rO, = Naj\0, + H, 0 . 

Sotiiuin 

pyropliospliate. 

TJiose pliospliates in Avliieli only one third of tlio liy- 
drogen is replaced by ni(‘tal — as, for exainjde, priniaiy 
sodinni ])lios[)hate, H.^NaLU)^ — lose water Avhen heated, 
and yield nietaphosphates : 

H^NaPO, Xar03 1 11 , 0 . 

Soiliiiin 

inetapliOH|)liat<* 

Neither the pyro[)hos})hates nor tin? ineta2)h()S2)hates are 
changed by heat. 

Silicates.— The silicates, as lias been statial, ar»^ \eiy 
widely distributed in natnr(‘. d'hose wldcdi are dkisI 
abiiudaiit are tln‘ /Udsfxfrs and tludr d('conij)ositioii-]>rii- 
diicts. Tlie ])rinci[)al hddspar is a coin]>h‘X silicati* ef 
aliiininium and potassium, of th(‘ forimila IvAlSi./),, de- 
riyed from tlie pol\ silicic acid n\Si.,()^, which is formed 
from three mole‘cnl(‘s of normal silicic acid by the loss 
of four niolecuh‘s of watiu;: 

dSiiOH), “dH.Si^O^ 1 - 111 , 0 . 

Silicates can be inadt^ l>y heating together, at a liigli 
tem})erature, silicon dioxi(h‘, in th(‘ form of sand, and 
basic oxides or carl)onat(‘S : 

CaO -f SiO, ^ CaSiO.,; 

Na,(J()3 -f SiO, z::: Na.^SiO^ 4- CO,. 

Only the silicahes of the nKmilans of tln^ potassimn 
group are soluble in water. Whmi tliese^ are tnaited in 
solution with dilute acids, tln‘y are diH'onijiosed, as lias 
been explained umhu- Silicic, Acid (wliicli S(‘e). 

Some, silica.t«‘s, which are insoluble in water, are decenn- 
posed Viy the ordinary acids, such as sulphuric and liv- 
drocdiloric acids, tlie siliidi; acid si^parating as a ditlicidtlv 
soluble Hulistance, which, if dried on the water-bath, I" - 
comes insoluble. 
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^[aiiv silicates, wliicli are not acted upon Ly strong 
decomposed by fusion with sodium or potassi- 
um (•.u’bouate, when tlie silicate of potassium or sodium 
.^ini the oxide of tln^ metal contaiiu'd in the silicate are 
foiiiied. Silicates which are not (h^composed in eitliiu’ 
,,f tlic ways uHMitiontHl, yi(dd to hydrofluoric acid. The 
action consists in the formation of the j^as, silicon tetra- 
thioride, SiF„ and the tiuoiides of the Jiietals [)resent. 
rhus, the reacdiou in the case of hddspar takes place in 
arrordance with the equation, 

+ IhHF KF + AIF, + :3SiF, + 8H,0. 

The silicon fluoride is <^iven off as a gas, and the tlii- 
nri(hm formed are solubh' in water. Hence, hydrofluoric 
acid is said to dissolve the silicates. 



CHAPTER XXV, 


ELEMENTS OF FAMILY I, GKOUP A: 

THE ALKALI METALS :-]ATIIIUM -SODllJM-POTASSILAU 
RUBIDIUM— CAESIUM— AMMONIUM. 

General. — Tlio elonieiits of tliis group wliicli are most 
aLuiidant in nature are sodium and potassium. While 
lithium occurs in consid(‘i’ahle (pmntity, tlu' two remain- 
ing elements, rubidium and c;esiuni, have been found in 
oidy very small quantities, ddn'y are all strongly basic, 
tlieir hydroxides Ixung the strongest l)ases known. Tliev 
form well-(diaract(‘rized salts with all acids, and as a 
rule their salts are very stable. In all their compoumls 
tliey act as univalent ehmients, exc(q)t in those wliicli 
tln^y form with hydrogen, and in tlieir |)eroxides ; in tin' 
lattei’ they apjiear to be bivahmt. Lcsaving these (‘oiii- 
pounds out of consideration tln^ gmnu'al formulas oi 
some of the other ])rincipal compounds are as follows: 

MCI, M,/), M,s, :\r(()Kh :\r(Sii), mxo,, etc. 

The valence of the memlxu’s of flie grou]) towards otlior 
elements is, in general, constaiit. 

Th(3 relations betwiam tln^ atomic, wm’ghts are intincst- 
ing. That of sodium, is very nearly half the sum of 

tlioso of lithium, G.b7, and potassium, 38.82. We Inivo 


0.1)7 - 1- 

2 


n:. 22.81). 


So, also, that of rubidium, 81.78, is approximately half 
the sum of those of potassium, 38.82, and csosium, 131. HI). 

gg:gg. + l^l:8'>= 85.35. 


( 482 ) 



POTASSIUM. 


48 ;] 


Tlie specific gravity of these elements increases with 
atomic! weight; and their melting-points become 


a* as the atomic weights become higher. 



At. Wt. 

S[). (iniv. 

M. P. 

Lithium, . 

. . (j.l)7 

O.oOl 

180". 

Sodium, . 

. . 2‘2.82 

0.072 

05.0" 

Potassium, 

, . 38.82 

0.805 

02.5" 

llubidium. 

. . 81.78 

1.52 

88.5" 

Pa^sium, . 

. . 131.89 


y 


Tlie regularity is complete in tlie case of the melting- 
points, but as i-egards the specific gravities sodium is an 
(‘xc(‘piioii to the rule. As sodium and potassium and 
tlieir compounds arc^ much mor(‘ commonlv nud with 
than the other members of the group, these Avill form 
the chief subject of coiisi(hu-a.tion in this chapter. 

PorAssir>f, K (At. ^^'t. 88.82). 

Occurrence.- Potassium is a constituent of many min- 
erals, particularly of feldspar, th(‘ common xariidy of 
wliicli, as has alianidy beem (‘xplained, is a complex sili- 
cate of aluminium and ])otassium. It is found also in 
combination with chlorim* as carnallite and sylvitc'; with 
sulphuric- aedd and aluminium, as alum ; with nitric acid, 
as saltpeter or potassium nitrat(‘; and in other forms. 
Tlie natural decomposition of minerals containing potas- 
sium gives rise to tin' jua'sc'iice of this nu'tal in various 
tonns of combination ('V(*ry where in tin' soil. It is taken 
aphy the plants; and, when vi'getabh' matt'iial is burm'd, 
the [)otassium remains l)ehind, chi<'tly as ])otassium car- 
hoimt('. AVln'U wood-ash is tia'atc'd with water the 
potassium carbonate is dissolvt'd, and it can be obtaim'd 
ill an impure state by evaporating the solution. The 
sul)stance thus obtaim'd is calh'd polush. In the juice of 
th(' grape tlnu’e is contaim'd a, salt of potassium, mono- 
potassium tartrate, which is dt'posited in largo quantity 
h’oin wine. This is cominoidy called “crude tartar.” 

Preparation.- Potassium was first prepiared by Davy 
in the year 1807, by the .action of a powerful electric cur- 
rent on potassium hydroxide. It is noxv pr('])ared by 
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lieating* to a liigli temperature a mixture of potasnium 
carbonate and carbon : 

K,C()3 + 2K -1- 3C0. 

Sucli a mixture is })est obtained by beating in a cIoscmI 
v(\ssel ordinary mono-potassium tartrate obtained from 
uine. d'liis contains sonu‘ calcium tartrate. AV ben flip 
uliole is beat(Ml decomposition takes ])lac(‘, and tlu'n^ is 
bdt V^ebind an intimate mixture of potassium carboiiak', 
calcium carboiiate, and cliaia'oal. Tbis mixture' is pkiciMl 
in a wrouglit-iron re'tort wbicb is coniiecte'd with a closed 
Hat receive'!’ of sbe'e't-ii’on. Tlu' redoi’t is tlie'U beated to 
a bigh teuii [ee'i’ature'. Tlie nie'tal elistils e)ve'r into tlc' 
closed reea'iver, anel at tbo enel e)f tlu! operation the^ re'- 
ceiver is placeel uneler petroleum to ])rotoct it fre)ni tlie' 
action of tbe air. Tbe me'tal obtaineel in tiiis way is 
not pure\ Tt exaii be pai tly puritie'd by melting it under 
pe'troleuiu and ])re'ssing it tlii’ougb a line'll l)Mg. It c;m 
also be juii’itie'el, ami moi’e^ e*om])le'tely, by elistilling it 
fre)m a wrought-iron re'tort. 

Properties. — Peitassium is a light substama', wliieli 
boats e)u wate*r. Its fre'sbly euit surface bas a bright 
me'tallic lustre, almost white'; it acts e'ue‘rge'tie*ally u[)oii 
water, causing tlie evolution of hyelroge'U, wliiedi, toge'tln i 
Avitb some^ of tbe ])otassium, burns, while' ])otassium liy- 
elroxiele is fe)rme*el at the* same', time*. This reaedieiii has 
been stuelieel in e*e)nne'e-tie)n with hyeh’oge'ii. In e*onse- 
epie'iice e)f its actieui u[>e)n wate*!’, ])otassiuni cannot he 
ke[)t in the air. It is ke'pt uneb'r se)niei e)il, as pe'ti’eeleum, 
u[)e)n wliiedi it ebies ne)t ae-t. In an atmospliere* n]»"ii 
whicb it eleee's neet ae-t, as, fe)r e'xampJe*, hyelreege'ii, it can 
be distilh'd. Its va})e)r is gre'e'ii. Its spe'ealie*. gravity is 
0.805; its me'lting-point O‘i.5 . It combines with edil" 
line* aiiel bromine*, with gre*at e'lie'i’gy, and has the^ ])ovi'i 
to extract chbirine freem its e‘om]»e)unels. It e*a.n, there- 
fore*, 1)0 !iseel tor the*, pur|)ose^ eif isolating se)me> e'lenie'ids, 
as, fe)r exam])le, magne'sium anel alnmijiium, whose* on v- 
ge'ii compe)unels caiineit be^ reelucoel by the e)relinaiy 
metboels. As, beiwe'vor, soelinm is gevmu’ally use'el t<»r 
tbis purpose instead eif potassium, on account of its lo\\ i 
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j)j K'O, tlio action will bo roforred to more at loii^th uiitb'.r 
Sodiuiii. Altliougli the metal is c(»ii'vert(Hl into vapor, 
jio reliable do termination of the specilic {jjravity of the 
vHjior has been made, for the ri^ason that the vessels 
which have biion used for the i)iirp()se have alwavs 
])( ( II acted upon, and the results thus vitiaiiul. 

Potassium Hydride, K,H. — This conipound is formed 
by licating potassium in an atmosphere of liydrogen at 
nl)(»iit 300". It is a silver-white mass with a metallic 
lustre. It tabes tire in the air. When heated, it begins 
to dissociate at ‘200'\ 

f Fluoride, KP 

Potassium 1 • — Of those salts tlio only 

[iodide, il 

one which occurs in nature in quantity is the chloride. 
This is found in the gr(‘at salt deposits at Stassfurt, 
(h'l inany, and in some otlnu* localities in thi' form of tlie 
iriiiun'al sijJviie, wliich is mor(‘ or less ini|)ure potassium 
cliloride. It is also found in the foj'in of a com])Ound 
coidaining magnesium, potassium, and chlorine, of the 
lorinnla i\rgCl,.lv(U OHJ), or KINIgClg O.H./), knoAvn 
as (‘(iriKtllife, 

The other salts of the group are made bv the general 
nadhods for niahing salts, that is, by inuit ralizing th(‘, 
acids with the hydroxith* oi* carbonate of potassium. It 
IS, however, easiiu- to make th(‘ iodid(' l)yothei‘ methods, 
inid as tlnu'e is a larg(‘ ihunand for this salt for us(‘ in 
nu'diciiK^ and in the art of j)hot<)graphy, scm ('I’ al nndhods 
liavc Ix'eu d(‘vise<l for its ])r(‘])aration. Of th(‘S(\ two 
iiiav s(u;ve asexani])les: (I) Th<‘ iirst consists in tiaauting 
■I Solution of potassium hy<lroxi<h‘ with iodini^ until it 
^x'giiis to show a iiermammt ycdlow color, Avhiidi is an 
I'ldicatioji that no mort' iodine will lu' taken up. The 
■^‘dioii is the same as that which tak(‘s ])la,ce when (dilo- 
acts upon warm conc(MitraI(Ml caustic j_>otash. Both 
tile iodide and iodate are formed : 

r.KOH + 01 OKI + KIO3 + 3 H, 0 . 

tp evaporating the xvater and heating the residue with 
linely powdered charcoal, the iodate is decomposed 



4SG 


1 Nona AN I C CllEMISTUr. 


into iodide and oxv^oii. Tlie rediudion of the iodatp 
taken place in accordance with the equatioji ; 

2K1(), f 

(2) Anotlnn’ Jiiotliod employed in the preparation ol 
])()tassiiim iodidt^ eonsists in titnating iron lilinos undta 
water with iodine. Jioth tlie iroji and iodine dissolvo 
forming ferrous iodide, Fel^. If to the solution of tliis 
(•om}){)mid lialf as much iodine is added as lias alir.ntv 
been used in its pn^jiaration, f(‘rroso-ferric iodide, l'\- I 
is formed and remains in solution. By adding a solution 
of potassium carbonate to this, leaction takes [ilaie ;t.s 
represented in the ecpiation : 

re3T. + 4K,C03 + 8K I + Fe^OH), + ICO,. 

The liydroxide of iron is insoluble, and can be removiMl 
1)V lilti’ation. 

Tin' fact tliat the sjx'cilic gra\il v of hydrotiiioric acid 
at a low t(‘mp<‘!‘atur(‘ corresponds to tin' foianula 11„F, 
mak('s it not impiobablo tliat jiotassimn tlnorido lias 
tin' formula K,h,. Tliis a])pears still mori' ])r()bal>lu 
from tin' tact that tln'ia* is an acid potassium tluoride of 
the formula KFiF,, or KC | TfF. Similai* acid salts 
have not Ix'en obtaiin'd from the other acids of tlu' 
groiii). 

Properties. All these .salts are soluble, and crystalli/c 
well in culx's. d’ln' tlnorido is tin' most I'asily soluhlo 
in water. It dopositod from a water solution at th(‘ oi- 
dinary tr'iipieratu r«* tin* civstals contain two molt'ciilcs 
ot wati'r oi ci'ystallization, and an* di'liipn'sci'nt. 1 h*' 
iodidi* is soluble in 0.7 parts (d’ wati'r at tin* oi’dinaiy 
tem])ei‘atiii'(', and is also soliibh' in alctiliol C^l parts). 
H Ini bromidi* reipiii'es about I.’, jiarts of wat(‘i’ foi’ solu- 
tion at tlni ordinary b'ln jx'ratuir', and is but sligldly 
soluble in alcohol. Tln^ chloride is soluble' in d parts ot 
water at the ordinary t(‘mperature, and is insoluble iu 
alcohol. All ar(' (h'compostid by sulpliuidc acid. I 
fluoride gives hydrofluoric acid; the chloride gives h.v- 
drochloric acid, dlie bromi(h‘ gives liydrobroniic a 'id, 
which acts upon the sulphuric acid, giving sulphur di- 
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bromine (see Hy(lrol)romic Acid). Tlie 
in tlie case of the iodide is more complicated for 
tlie l•^'ason tlnit liydriodic acid is less stable than liydro- 
l^oinic acid, and, as it gives up liydrogen very easily, it 
caiisi^s deeper-seated decomposition of tlie suljiliuric 
arid isee Ilydriodic> Acid). Potassium iodidi* in solution 
t:ik('S up iodine readily, and a com[)ound of the formula 
KJ can b(‘. isolated from a very concentrated solution. 
So similar compounds of chlorim‘, lironiine, and fluorine 
aiv known. 

All the salts of this group combine readily with the 
rliioiides, chloridi^s, bromides, and iodidi^s of the metallic 
i koiients in geiu'ral, forming salts, of wliich the double 
(liiorides and doiibh' chlorides are exainjiles. The re- 
kilioiis IxTwmni these salts and the ordinary oxygen 
s;ilts have' alriaidy Ixaui discussed to a. suiVicient exteiit 
i^c(* ])[». hid and hiO). Thos(‘ (aintaining fluorine have 
l)(M'ii studied most fully, (food examples are the fol- 
Inwing : 


As 


P 

h 

P ,orAsF,.KP; As 
P 

P,K 


P 

P 

P , or AsF,.2KF; 

JVK 

F,K 


P 

P 


SI) 1 P , or SbP,.2KP ; 

I 


13 F ,orBF,.KF; 

F,K 


Si 

Li<k 


Applications.— Potassium chloride is extensively used 
for tlu^ juirpose of making other potassium salts, as, for 
^'xaiiiplo^, the nitrate and carbonate ; the bromide is used 
in nicdicine ; the iodide, as stated above, is used in medi- 
cine and in photography. 
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Potassium Hydroxide, KOH. — Tins woll>kiio\vii siil). 
staiK*(‘, coiiniioiily calltMl caustic potash, is prepared l,y 
treating [)()tassiiiiii carbonate in solution with ciildunj 
hydroxide in a silver or iron vess(d. The reaction is 
based upon the fact that calcinin carbonate is insolid)]!- 
and that potassiuni carl)onate and calcium hydroxide 
are solul)l(‘ : 

K,C(), 1- (^a(()Hh r 2K()H + Ca(U),. 

After enough lime has Ix'eii adch'd, it is found tliat a 
littl(‘ of th(‘ ]i(|uid taken ontof <lu‘ \(\ss(d giv('s noembnn 
<lio\ide wlien treated with acids. Wlien tliis point is 
rtnudunl the litpiid is drawn off from tlu 3 d('|)osit of cnl 
cinm carbonatt' by means of a sijtlion. In tlu' 
tion on tin' large sca](‘ lids is llnm (‘vaporat(Hl down in a 
briglit wronglit-iron vt'sstd nidilil lias tin' spt'cilic g)a\it\ 
l.H). if the t'vajxnation is caiiitn) fartlnn’ tin' li(|ni(l 
acts upon tlie ii-on. ( h -nctnitratit >11 bt^yond tliis point 
must be cariitnl on in silvm- vt'sstds, ujion whitdi ]io(as- 
siiun h\'droxi(h‘ tlot's m)t act. i’diially, a litpiid is ol)- 
laimal wliitdi on cooling conijih'ttdy solidities. W hik' in 
the iiioltt'ii condition it is gtmei-ally iioiinnl into moii Ids of 
cast-iron or (d* brass, ])lal(‘d wit h silvm-, in w hitdi it solidi- 
ties in tin' foi’in of tin; thin sticks fomnl in tin' inarkot. 
This substance is gt'iiera 1 ly not pnrt*. It always < on- 
taiiis some carboiiatt* tornn'd b\ the action ol the caihoii 
dioxide of tin' air, and otln'i* substaina's ai‘(' also prosoiil 
ill small (piantitN. It can be pniil’n'd by dissol \ iii.c it 
in ahadiol, in which tin' impni'itii's ari' insobibh'. I In' 
alcoholic solution of tin' h\alroxi(h' is jioiin'd oil all' i 
tilin' and evaporati'd to <lr\ness in a silvi'r vessel. 11"' 
liipiid bocortn-s colorod in consi'ipn'iice of a ])artial <i' - 
composition of tin' alc(diol, but on melting tin' n sidii" 
the coloi' (1 isap] )eai’S, as the siibstaiicc's fornn'd ti’oiti 1 1"' 
alcohol are t hns dost roved, d’his product is know n 
“ caustic potash b\' alcohol.” Pnia' jiotassinrn hydroxide 
in solution is <'asil\ obtaiiu'd by tin' action of jiotassini" 
upon distil h'd wati'r. 

Potassium hyili-oxide is a whiti^ bi’ittle substance. bi 
contact w ith tln^ air it d(di([uesceH, and absorbs ca i ' 
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Jioxulo, being completely transformed into potassium 
(Ml l)()nate. it is tlie strongest of the bases. It dtH'om- 
puses the salts of all other bases, even of those vvhicli, 
]ik(^ sodium and lithium hydroxides, are solubhun water. 

Animal sul)staiuH'S like the skin are disintegrated by 
the hydroxide'. It has a caustic, action. It is intere'st- 
i,ig to ol)S('rve that tln^ strongest base's, like', the stronge'st 
acids, ('Xt'rt this kind of inllin'iice' on tin' com[)lex organic 
(Uinpounds which go to make^ uj) tin', tissue's of animals. 
Tlu' aedion is iiot by any nn'ans always eef the' same' kijid, 
;i,„l all tliat can be^ saiel in regarel tee it, eaf a. ge'Jieral 
Aiarinde'r, is that it te'iids to break down the e-eemplex 
siil)sl;inc«'s to simple'!- eme's. In the inolte'ii conditie)n 
tli(^ hydroxide acts as an oxidizing agent, llvdiogen is 
yivcii up from it., anel sul)stance's e)f ae'iel charae'te'r aiae 
loiiiicil with w'hiedi the potassium ('e)mbine's, forming 
<alts. 

[iist('ael of ])otassiun! hydroxiele, tlie ce)rres])onding 
sodium e*e)ni])ound is use'el wln'i-e' ve'i- this is ])ossil)le, as 
till' lattc'r is e'lu'ape'r. d'he' e*hi<'f at)]>lication of tlie 
,j :!,o->iiim compoumi outside', eef the lal)(»ratorv is for 
iii.ilviiig soft-soap. |-\)i- this ])nrj)ose' fats ai‘e' hoih'el witli 
a sol ntieiii of potassium hyeb-oxi<h^ e)i‘ carhonate'. 

Potassium Oxide, K.O. 'I'his compound e-an !)(' imieh' 
hv Imrning jiotassium in the' air, ami In'ating the' rc'sidue 
t" a high te'iii j)('rat lire'. It is also foi im'd by nit'lting 
petiissium hyelroxide' anel nn'tallie* potassium toge'tlu'r : 

2Iv f ‘2Kt)ir - t>KA> I H,. 

With water it forms the hydre)xide', with a marked evei- 
hition of heat : 

lv,0 I 11,0 =- ‘2JvOH. 

botassium also forms e)ther oxieh's eef which the peroxuU- 
of the' fejrmuhi is the' be'st stuelie'd. d'his ja'ieexiele 

t li(' jiiial product of the ceiinbustieen eef t)e)tassium in 
111'' air or in e)xyg(‘n. At a high temperature' it breaks 
d'uii inte) ])e>tassium oxiele, K,(), anel e>xygen. It also 
UJ) its oxygen very reaelily to substance's whie'h are) 
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capnhlo of oxidation, acting so energeticalJj iipoji soino 
as to cause evolution of Jigiit. 

Potassium Hydrosulphido, KSH, is analogous to pofas- 
siiini hydroxide. Just as tlie latter is made bj the action 
of ])otassiii]n on watiU’, so tin* former can l)e made by (lie 
a(*ti()ii of ])otassiiim on liydrogen su]])bide ; 

K, f t2H,S ^ 2KHH + H,. 

It is, however, obtained most readily by tlie action of 
liydrogen suljihide on a solution of potassium hydroxide: 

K( )H + H.^S JvSH -1- H,(). 

AVhen exposed to the action of the air it is oxidizml, and 
b(H‘om('S colored in conscMpnmci* of the formation of the 
disulphide. The action takes place as represented thus : 

‘2KS1I -f O zz: K,s.. - f- H,(). 

Potassium Sulphide, K.S, is made by the reduction of 
potassium sulphate eitlier by means of hydrogen or car- 
bon. It is tliought by some to be present in a solution 
piaeparml by saturating a given ([uantitv’ of ])otassiuni 
hydroxide with hydrogen suljihide, and then adding t1io 
same (piantity of potassium hyilroxide to the producl. 
Tlie formation is supposed to take ])lace as represented 
in the ecpiations 

KOH I ]I.S =K8n 
K S H I K( ) H =z lv.^S + M/). 

This is the action which we should ex[)ect, as hydrogen 
siilpliide acts liki' an acid, and with a strong bas(^ we 
should expect it to form two salts, tln^ acid salt l\Sll 
and the neutral salt K.,S. From thermo-chemical invi'sti- 
gations of tliis subji'ct, however, the coiudusicui appears 
to be justitied that th(‘ salt K^S does not exist in solution, 
but tliat it lireaks down with water, forming the hydro- 
sulphide and hydroxide : 

K,8 f- H,0 rzz KSH + KOH. 

Ihis reaction is analogous to that of water on the oxide. 

K,0 f H,0 rr: 2KOH. 
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pohjf^vlplildefi of pofa.ssivm are (•oiiipounds 
fli(> composition expressed l)y tlie fovimilas K.^S^, K.^S., 
]{ S,, :ind ^idiey are formed in general })y tin* 

;ictioii of snlpluir on a solution of the liydrosiilphidc* oi' 
of tli(' simple siilpldde. The disulphide' is also fornu'd 
;,s cx|)lain(Ml al)(3V(i by oxidation, when a solution of tlu' 
Ji vdrosulphide^ is allowed to stand exposed to the air. 
Tlii'V are all eolored substances, which readily j^ive U]> 
siiljdiur. If treated with dilute' aciels each one^ ^ivexs up 
sulliereiit sulphur to realuce it to the simple? form 7v.,S. 
If the^ air is a]le)\ved te) aed u])on the'in fe»r a sullicie'iit 
Iciij^th of time the'y all yie'lel the thiosul jdiate', K,,S.,().^ 
the action taking place* as represe*nteel in the tbllowing 
e(piatie)ns ; 

K s, -f ;K) r= lv,8,( ), ; 

K ,83 + :i( ) : r \ -f 8 ; 

-I- 30 ^ K,S.,()3 + 3S. 

Tlio fact that no higher sulphide of ]n)tassium than 
file pentasulphide e'xists, suggests that the actieni e.)f 
snlplinr upon the? monosulphide is analeogons to that of 
oxygen, and that the pentasulphide is analogous to the 
sulpliate : 


K,8 -I- 40 lv80, ; 

K,8 -j- 48 ::::: Jv,88,, or K,S,. 

According te') this vioAv, the ])eiitasulphiele is the salt e)f 
a t'drathiosulphuric aciel, H388p|^8,j8<|^|^j, or hyelrogen 
pciiiasulphide, H^8,. 

liie? substance uscel in meelicine under the name of 
? 0 'c/- of snlplinr or Hepir snJfnrls is a bre)wn mass 
leiinod by melting te)ge?ther ])eitassium earbe)nate aiul 
•^"jphur, anel (unisisting e)f pealysulphides e)f potassium 
‘•’"1 potassium thiosul])hate anel sulphate. The cliief re- 
aciioa involved is the e)iie re])resenteel iji the eejuation 

3K,C03 + 8S - 2 K ,83 + + 3C0„, 
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if ilie mass is ionitod tlio tliiosul[)liiito is decoinpost .1^ 
foriiiiiig tho sidphiito uiid peutjisulpliidc : 

llCSp, . dK.Sl), KA. 

Potassiiun sii'phidt^ coinbiiirs Avitli the sul])lii(l('s of 
iirs(Mii(‘, ant iiiiojiA', and tin, forming; salts of siilplio-acids, 
Annuip; tlu' l)(‘st known of tlinso arn tlu' followin'^ : 

tmi S fil i'sciHt/r^ l\,,AsS^ | Hj). - — ddiis is 
foriiiod l)v tit'atin;,;- arsmiic ]H‘ntasnl[>lnd(‘ oi* tlx; trisiil 
pliide and sulphur with potassium li vd rosii 1 piiidi* : 

OKSIl 1 AsS 2K.AsS. f dlF^S; 

OKSll I As,S, 1- :>S 2K,VsS, i dtps. 

It is also fornu'd 1)\ saturatin'.-!: a solution of potassium 
ai'S(Uiatu with hvdrouon su!phi<l(‘. 

s fil ^tliatif intotnif i\, KShS^ | 1.1 H ,( ), a ml /tolns- 
siimi, rsrin'f<\ IvAsS., ! d.'dl.l), a)(' also (‘asilv made, 

d’lu! latter is [daiidv th(‘ analou,'m‘ of tin* imdaistuiitr, 
KAs( ),, — nu'ta rsi'iiious add ludiiL;' (h'i i\ (M| from iioi iiial 
arstiuious arid 1>\' (dimination (d om* Jiiohamlo of water ; 

ir,As(h IlAsO, 1 lid). 

Potassium Nitrate, KNO..- d'liis salt is rominonlv calli'd 
s/iJf Its orrnnamro in natuia' has alr(‘a(l\ Ihcii 
sj)okrii rd' umh-r Nitidc A(dd (whi<di sri'). When rotii-s' 
animal mattoi' is hdt to umhu'^o dorom posit ion mlla' 
[ji'csoiiro. <d’ bases nit rates are alwavs the (md-p i a >d lift'. 
'I'lieN are (*( mscMpn-nt I V found \<'ry w iihdy distrihutoil in 
tin' soil. In the I'iast Indies tin' potassium niliali 
formi'd ill tlie miyh I toi'hood of dwelliiie^^s and stalde^ 
rolh'cteil, and sent iido the marlu'l. d he [)roress <d mt' 
ritiration is rallied on artitieiallv on tin' lar.ye scale in 
tlie so-railed “saltjiefer ])la ntations.” Jn tln'se, lelio'' 
animal mattei- is mi.xi'd with ('arthy mateiial, \o)<d 
ashes, etc., and ]»ih'<l u]). ddn'se jiiles are moi'-teiiee 
with the li(juid jnaxlncts from stables. After the aeiieii 
lias roiitinued for t wo oi- t h ree y(*ai s the outc'r ri imt m 
takmi olV, and extracted with wati'r. ddu! solution tlii>^ 
td)tained contains, besides potassium nitrate, (*al( inn! ainl 
rnagnesiuni nitrates. .It is treatml with a vvahn-exb a* t 
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oi wood jislies or witli potassiiiiii (‘.‘irhonrito, l)y whicli tlio 
riilciiiTii and niii^niesimn are tlirown down as carbonates. 
Miicli of the saltpeter whii'li is now in the marlvet is 
troin (diili salt[)(‘t(‘r, or sodium !iitrat(‘, l)y treating 
il with potassium cldoridc^ advantagn^ Indiig tak(m of tln^ 
f.i. i that sodium chloi-i(h^ is h‘ss soln])Io in watnr tliaji 
polassium nitrate'. iVredeculai’ weiglits of sodium nitrate 
;iii(l ])otassium eddoride* are* dissolve'd in wateu; and tin; 
solution evaporated, wdn'ii sodium (ddoiide' is d(‘[)osited i 

^aXO, + KC\ _ KXO, -j- X.aCd. 

I'otassium nitrate erystallizi's in long rliomhie, prisms, 
of a salty tasieu hinhu- some circumstance's it euwstal- 
li/.('s in rheemhoheMlreens. W'lie'u elisse)! v.mI in wateu* it 
.':iiis(‘s a. lowe'riiig e)f the' te'm])e*rature‘. At eirelinarv te'm- 
)M'l'ature'S 100 ])arts eel' wateu* elisseelve' t're)ni 00 to 00 ]);irts 
ol till' salt; at lt)0 \ 100 parts dissol\e; )1\7 parts. 

Applications.— — INdassium nitrate' is use'd as an oxieliz- 
iiig agent in the' laboratory, and in the' niaiintacture' oi 
tiivwoi'ks. Its e-hie'f use', ho we've'i-, is in the' mannfae*- 
tiii'e of gunpoweh'r. 

Gunpowder.— 'The' value' eef gunpoweh'r is due' to the' 
h'li t that it r.vpjtxlrs re'adily, the' e'\ |)|e)Sle)n be'ing a edie'ini- 
'■al ediange acce)m])anie'el by a sueh.h'U e've)lutie)n of case's. 
It is u, mixture', eet sallpe'h'r, e'hare'oal, anel sulphur, 
bile'll he'ate'il, the; sallpe'le']' give'S eett eixvge'U auel liitrei- 
oxyge'ii e'ombine's with the e'harceeal, feeiniing 
'■ai'hoii elioxiele- ami cai-be)n niemeixieh'; anel the' sulphur 
''"'iibiiie's with the' peetassinm, tbrming ])e)tassium sul- 
When a mixture' e)f saltpe'ter anel cliai'coal .m 
*>iiriicd, the re'action whicli take's place is this: 

(- OC -f (0) f N, f- K^CO, 

by adelijig the' ne'e'e'ssary epiaidity of sulphur the' e'ar- 
elieexieh', whie'h weeuld eithe'rwise' re'iuain in ceimbina- 
with the' peitassium as peetassium carbeinatc, is given 
'^Ih and ])e)tassiuni sulphiele feirnu'd : 

2KN(), + 80 d- H 800, N., + K,8. 
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Tor til is reaction the constitnonts should he niixod in 
the projiortious : 


Saltpeter, 74.83 

Charcoal, 13.31 

Sulphur, 11. 8G 


1 ()().()() 

This is a[)proxiiuat(4y the composition of all jiowd'r. 
When ‘^unpowih'r ex|)lodes, tlu' gases forimul oeciiju 
about '280 times th(‘ volume occiqiied by the ])o\v(l(‘i' 
itself. 

Potassium Nitrite, KNO., is formed simply by henlin^ 
the nitratc‘ to a sutlu-icuitly high ti‘mp('ratui-e. '.riic^ ic- 
(iuctioii is, h()\v(‘V(U-, much f:ieilitat(‘d by adding to tlic 
nitrate some easily oxi<]i/(Ml mdal, as lead or iion. 
A\ luui the gasv's formed by the Mctioii of arscmic trioxiiC 
on nitric aciO ari' [>ass<Ml into potassium li \di’oxi(h% lx it li 
the nitiite and nitrat«‘ are fornuMl, and they can b(‘ sc[i- 
arated by crystallization. 

Potassium Chlorate, KClO>.~Th<‘ chai actm' of tln^ re ar- 
tion by which potassium <-hlorat(* is fornuMl wlnm elild- 
riiie acts upon a solution of ])otassiuni hvdroxiih' lias 
already been discnssial (s(m> p. 114\ In the maniifax- 
tiiri' of the chlorate it is found advantageous to make 
calcium (.’lilorate, ami then to treat this with ])otassiiiiii 
chloride, when, at th(‘ j)roj)(U’ comauitration, ])otassiiiia 
chlorate crystallizers out, on account of the fact that it is 
less sejlubh; than tln‘ salts which aia^ brought togetlar. 
The process in bj-ief consists in ])assing chlorines inh» a 
solution of calcium hydroxider in which an exce^ss of liv- 
droxide is held in suspension. Tlur hrst action consists 
in the formation of ('alcium hy j)ochlorit(*. A\ lu*n tlx; 
solution of this salt is boiled it is decomposed, yie'hlin^^ 
the chlorate and chloride : 

30a(OCT\ ::::: C;i{OSn), + 2CaCl,. * 

On now treeiting the solution with potassium chloii'l^' 
the following reaction takes place : 

Ca(0,Cr), + 2KC1 2KC10, -f CaCl,. 
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potassium chlorato crystallizos iu lustrous crystals of 
t]i(' mouocliiiic system. Its taster is soiiKiwliat like that 
of s:ilt 2 )eter. It melts at a comparatively low tempera- 
tuj e aud at rl52'’ begins to deci)m pose, with evolu- 

iioii of oxyj^en. At ordinary t(unp(u-atures “LOO ])jirts of 
Av;i(er dissolve 0 parts of the salt, and at the Ixuling teni- 
|)( i;itui'(^ ()0 parts. In conse([U(‘nc(‘ of the ease with 
wliic'h it j^ives u]) its oxygen, the chlorate is an excellent 
oxitli/iiip; ag(nit, and it is (*onstantl v uscmI in this ca])acity 
ill tli(‘ laboratory. Its oxidizin;^ action is w(‘ll illus- 
tiatnd by ^riiidin^ a Vi Vif liffir of it in a mortar with a 
liltle sulphur, when an (‘X|)losion takes placi'. AVith 
pliosphorus the aclion is ('XcasMlinjjjly violent. 

The chief uses of potassium chlorate are for the prep- 
iiratioii of oxygen, and in the inaiiufacturi' of matches 
ami lirewoi'ks. The tips of Swialish safety matches are 
jiia(h‘ of 2 ><dassium chlorate and antimony sulphide. 
Tli(^ surface u])on which tiny are rubl)ed to ignite them 
contains red phospliorus. The chlorate is frequently 
us('d in medicine, pai'ticnlarly as a gargle in cases of 
S()r(‘ throat. 

Potassium Perchlorate, KC 104 , is formed in the first 
stage' of the (hn'onqeosition of the chloi’ate by heat, as was 
i'XplaiiK'd uiuh'r Oxygene (which see). It is ])re])ar(‘d 
hi'st ])y heating tin' chlorate' in an open ve'ssel until, af- 
te'T having be'e'ii liepiiel, it begins te) ge't solid again. As 
tile' salt is diflicultly soluble in water, the residue' is ])e)w- 
ehieal aiiel waslie'el with wate'i’ te) re‘me)ve the> chherieh', 
and then crystal lizeel from wate'r. Owing te) the' elilHcult 
soliihility e)f this salt it is utilize'd in chemie-al analysis 
loi' elede'e-ting tin' ])i‘('S('nea' of j)e )tassiii m. Te)r this ])ur- 
post* a se)lutie)n e)f peo’chleeric aciel is aeleh'el te) the' solu- 
tion nnehu’ examinatieen, ami, if a pre‘e*i[)itate' is feermeel, 
the' ])resene‘e e)f peitassium may be' infe'rre'el. W hen 
he ate'd te) about 400 ’ the ])(‘re*hlorale‘ give's up its e>xyge'a, 
is reeluceel tea the chle>riel(>. It is useel te) se)me‘ ex- 
h nt in the manufacture of tireweu’ks, insteael e)f the' chh)- 


■ Omit eare; should l)(^ Inkeai willi all experiments with potassium 
< 'll- late. See eie'seTiptiein of experiments. 



IMmaANlC CIIEMISTHY, 


49 (J 

rate, wliirli, owing to its greuter iiistalnlity, is 
(Lingo rolls. 

Potassium Periodate, KIO4, is formed by tlu^ action of 
c'liloriiK' on a niixturi^ of potassium liydroxido and |>o. 
tassiiini iodat(‘. As lias bt'Oii stated iu (]isciissiii(r 
the acids of iodin«‘, this salt is only oin^ form of 
group of ]H)tassinm sails called jxu'iodates, all of 
wliiidi are closely ndated to tlu' normal acid, bOlfi 
Among tlicsi' salts, tor t‘\am[dc, are tlui nirsopcrioddfr 
1- IHA), and tln^ KJ/), L ‘dll.n. Tlic 

former is a salt of tin' acid which is derivml fiom 

the normal acid liy loss of water, tiins : 

1(()HX ^ H JO., + 

Diporiodic acid is dmaviMl from the normal acid as 
lajpresented in tliis (Mpiation : 

‘2 1(^0 1 1), HJ/X f 5H/). 

Potassium Cyanide, KCN. — Undcu' (/vaiiogen it was 
statml that when nitrogen is passed ov(U* a, highly hmaicd 
mixture of carbon and jiotassium carbonate', jiotassiuni 
cyanide is foriiH'd ; and that carbon ('ontaining nitrogen 
com[)ounds, as animal (diarcoal, whi'ii ignitt'd with poias- 
sium carboiiab', ]*cdnces tlie (‘arlionateg foiuning potas- 
sium, ill presences of which the (*arbon and nitrogiii 
comhiiK', foriiiiiig the eyanieh'. ddie sim])lest way t<> 
niakii tlu^ (*yanid(' is by Inciting potassium f(*rrocyaiii(li‘, 
KdA'(()N),, whicli is th(^ starting-point in tlie pri'pa ra- 
tion of all eyanogi'n eoni])oinids. It bia'aks down first 
into potassium cyaniele and lerrous cyaniih', tlius : 

:::-lK('N-l- Fe(ON), 

The ferrous (‘yanidi^ is, bow'(‘V(*r, decoinposoil by heat 
into fr('(^ iiitrogmi and mirbidc! of iron, 

Fe(CN), .. FeC, + N,; 

so that the complete d(M*oniposition of the ferrocyaniek' 
is re]»resento(l by this (‘<piation : 

K,Fe(CN). n:. 4KCN + FeC, + N,. 
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^\s the cyanogen is lost in this operation, potas- 

sium ( arbouate is commf)nlj added to tlie ferrocyanide. 
yiiis acts 111)011 the ferrous cyanide, forniing potassium 
cyanide and ferrous carbonate : 

Ee(CN), + K.CO, reC 03 + 2KCN. 

But ilie ferrous carbonate bnuiks down under the inilu- 
jiico of heat into ferrous oxide and carlion dioxide 

EeC()3 1 eO 1- CO, ; 

and tlie ferrous oxide then gives u]) its oxygen to a part 
of tlu' potassium cyanide, converting it into the cyanate. 
The c-om[)lt‘t(‘ rmiction bidwc^en tln^ hn-rocyaiiide and car- 
])()iiab^ is tlierefore repr(‘smit(Ml as follows: 

KJm^CN), f K,(U r.. oKCN 1 KCNO - j- CO, + Fe. 

Tlie product obtaiicMl in this way necessarily contains 
.soiiK^ of the cyauatt', but for ordinary pur])()ses this does 
no harm. Potassium ('vanide is extremely easily soluble 
in watiu’, and is deli([uesc(‘iit in moist air. A\dien boiled 
iviih water it is decomposed, forming potassium formate 
and ammonia : 

KCN -I- 2TT,0 = KCOJT NH,. 

It combines readily with oxygen wlum in the molten con- 
ilition, as shown in its aclioii upon ferrous oxide and 
upon lead oxide (see ]). 401). In conse(|uence of this 
pow(‘r to combine with oxyg«'n to form the cyanate, it is 
a valuable reducdng agmit, and is not unfre(|uently used 
in the laboratory in this capacity. 

4 list as tin*, tluoridi*, (diloriih*, bromidi^ and iodide of 
]>otassium condiine with the tluori(h*s, chloridi'S, bro- 
nddes,and iodid(*s of the metallic idemmits in general, so 
l)otassiuni cyanide combiiu'S with the cyanides of the 
imdallic. eh*m(‘iits, forming the double cyaiudi's. ddiese 
li<iM* gimerally a composition analogous to that of the 
double chloridf's and of similar (‘om pounds. Thus, silver 
yvanide forms the compound AgCy.K(\v or AgKCV,, in 
'^vliicli the cyanogen group (^N is re])res(mted by the 
inbol (yy, as is customary ; ferrous cyanitle iorms tlie 
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coiupouiids or IKCV.Ft'Oy.^, uiid KJ'V('\ ,, 

;iKCv.F(d\,,. Fliosn double cvunidc^s ure for tli, 
part s()lul)i(^ ill \vat(‘r; luuu-e ])olassiuiu (‘vaiii(l(‘ (lisM,lv(,s 
many deposits ot iiU'tallie salts. It is Irtapuail I \ 
ill tile laboiatoi’y in analytical opi'ratioiis. 

Potassium Cyanato, KCNO. 'I'lie cvaiiate is fornKMl 1)^ 
oxidation of (he cyanide, w Inni this is inelti'd and P;||| 
oxide or niinimn addial to tin* nioltmi mass. It i^ iinist 
easily ])repared by heating- toi^n'tlu'r potassium fci 
nid(‘ and maii^aiii'st* <lic)xid»'. 'The action consists jijst 
in the d(H‘ompo.sition of the t(‘n'ocyani(h‘, and the snlisc- 
([inmt oxidation of (he |>otassiiini cyanide thus fifinnd. 
Tin* mass is (‘Xtracti'd with ahadiol, as tin* cyanatt* is dt- 
conujosi'd by water (‘ven at tin' ordinary ti'iii |)era(iiie, 
tin.' jiroducts beim;' [►otassiuni carbonate and am nioiiiinii 
carbonate^ : 

‘2K('\() ; 111,0 Kddy ; (Mlfiy'o, 

Acids S(!t cyanic acid frc'e* fi’ojii the cyanato, but tlm 
acid is at once d«‘Comp< is^m I by water, tlius; 

( XOH \ ]{ () ('(b ‘ Ml . 

Potassium Sulphocyanato, KCNS. ~ Jiisi as ])otassiiiiii 
cv'aiiide talo's up oxyymi to form the evanate, it also 
takes up sulpliiir to form the snlphocyanati' : 

]\( ’\ -f S K( '\S. 

, Tt is ('asil\' pr('par('(l b\' addin;^ sulphur to nndtcii 
])otassium cyanide, e)r by heatinp- a mixtur<‘ of (h li\- 
drate<| j)otassium feri'ocx a nide, potassium carboiialt , 
and sulphni'. Tt crystallizes ])a rt icu la rly wi'll out of ils 
solution ill alcohol. It is (hdipin'sci'id, and when di^- 
so1\(m 1 in wat('r it causes a \(‘r\' considerabh^ low* eiiiy 
of tin*, t('m p(*rat u re. ^I’hus, wln'ii 500 p;rams of tin' salt 
are mixi'd with lOO e|-;nns of wat<‘r at tin' ordinary tetie 
ja'raturi'. the temjierat ii re sinks to about ‘20 d l iiliK'' 
the cyanate, it is not <h'com posi'd Iin water. 

Potassium Sulphate, K SO., This salt occurs in com- 
liination with others in nature, particularly in tln^ mim i il 
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{■ahilh , wliieli contains the constituents of potassium 
salj)li.i^<S magnesium sulpliate, and magnesium chloride, 
.,s iiidicaied 111 the formula K,S()^.:\rgS( )^.MgCl, -f (IH./). 
I’liis ()( (‘Ills in Stassfurt and in Kalusz. Potassium sul- 
is used in nnalicine, and in the preparation of 
oidinaiy alum and of potassium carbonate. 

Primary, or Acid, Potassium Sulphate, KHSO^.- This 
^;ilt is ohiained as a secondary product in the jirepara- 
tioii ot nitric acid by the action of suljiliurit; acid upon 
sal([)(d.‘r. It occurs in nature in tlui (Irotto did Solfo, 
ii(‘;ii' Na[>les ; and is mad<' by treating tlui neutral salt 
uith (oiictudrati'd sul[)huric acid. Wliim heated above 
its iiK'ltiiig point it gives ot! water, and is transformed 
into till' disiiljihatiy thus • 

2IvHS(h K ,SX\ 

blieii till' disulphati' is Inn-itm] in contact with basic 
oxiiles it ])n\‘iks down, forming sulphat(‘s. The decom- 
[)ositi()n is tliat r(‘pr('sent(Ml in tln^ mpiation 

lv,S^(), - K,S(), - I- SO.,. 

Lln‘ Mascmit sul[)liur triox idt^ thussid free acts with great 
'ii' tgv upon tli(‘ oxi(h's whicli ar<‘ [iresmit. Htmce acid 
I'litassinm sulplnit(‘ is a valuabl(‘ agaud for tln^ ]uirpose 
"t decomposing some mineral snl)stances whicli do not 
f'a'lily yi(d(l to the ordinary reagmits. 1 ts action consists 
ill localving down into tli<‘ disulpliat<* and watt'r, thi‘ disul- 
I'iiatf tlnm iiirtln'i* bia'aking down into normal sulpliatii 
■‘lid siiljdiur trioxidm Pesidi'S the salt just immtiomMl, 
'■diicli is know n as tlu'. disulpliat(‘ or pvrosul])liat(', tluu'e 
■nr ^oiii(‘ otluM- salts know II, w Inddi are dmived from au- 
‘ lorm ot disulphiiric acid. Two good exam])h\s 
die salts ri'presmited by tin' formulas XJbSO.t, and 
1 ^ 0 ^),. Till' acid from which thi^si^ are diu'ivml has 
^‘'1' lermula H,Syh. It is to be regarded as (huivml 
drill t wo moh'cuh'sof normal sulphuric acid by elimina- 
hull of f(;ur moliHUili's of w atm* : 


2S(01I)„ f IH,0. 
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Tlie jicid probably lias the constitution represented thus 

(HO),OS<;;>SO(()a)., = H.s,0.. 

Sulphites. — When sulphur dioxide is jiassed into a 
solution of ])otassiuin carbonate until carbon dioxido 
c(‘ases to es(*a))(% potussiuni sulphite, K,S()^, is fornietl. If 
file gas is passed to saturation tlie product is tlu* [ui- 
uiary or acul sulphite, KllSO^. If the solution of the 
carbonate is hot and concentrated, tlie product is tlii! 
disutphite, which bears to the sul])hite the suim* 

relation that potassium disulphate bears to the sulphate. 
Tt is the salt of an acid of the formula H.^8./)^, whicii is 
disul})hurous acid : 

2H.,SO, 

This bears to sulpliurous acid tlui same relation that di- 
sulphuric acid bears to sulpliuric acid. 

Carbonates. — I'lie normal salt, is tin- (diief c()n. 

stitueiit of wood-ashes, Wlnm these ar(‘ extratdc'd witli 
water tin' carbonates pass(\s into solution and tin' salt 
thus obtained can be puritu'd in a numlx'rof Avavs. ddir 
impui e salt is known as pof<fsh. Fornu'rly all tlie ])otas- 
siuni carlionate made was obtaim'd from wood-aslu's, hut 
at ])resent not more than half of the sujiply comes fomi 
this source. The other soui'ces are the residues from 
tlie manufacture of Ix'i't-sugar, jiotassium sul})hate and 
(diloride, and w(K)l-fat. Tin' preparation of the caihoie 
ate fi'om the sulphate ami ('hloridi' is accomplisln'd hv 
the saam^ nndlnxl as that used in tln^ pri'parat ion of 
sodium carbonate from the chloride, ddu' nu'thods iisi il 
for this purpose will be tr(*ated of umh'r tln' head ol 
Sodium (dirlionati' (which se.(‘). ddn^ salt crystal I i/*'^ 
from very conc(‘ntrat(‘d solutions in watf'i’. It is d( li 
(juescent, and dissolve's in wab'r vith an evolutinii of 
lieat, and tlu^ solution lias a strong alkaline' re'action. 

Acid Potassium Carbonate, HKCOj, is feirnie'd liy ]msS' 
ing carbon dieixieh'. e)ver the' inirmal salt, eir inte) the c"i>' 
centratexl a,epiee)us se)lutie)n of the latter. ItismUedi losr 
easily solulile in wate'r than the Jieirmal salt. Tin' diy 
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shU. gives off carbon dioxide and water easily when 
Iji afed, and is converted into the normal salt : 

2KHCO3 = K3OO3 + CO, f- H, 0 . 

TIk^ same decomposition takes place when the water 
solution is heated, and even on evapoj’ation at tlie ordi- 
liiD j temperature. 

Phosphates. — TJiree phosphates of potassium are 
Iviiown: (1) or normal pofassinm yyltospliafCy 

l\ y( \ ; (2) secondary, or di-potassinm jyhosphate, Iv,Hl'0, ; 
aiul ( 3 ) primary, or mono-pofassinm phosphate, KH,P()^. 
There is nothing particularly charaebn-istic about th(‘se 
salts, except the decompositions which the primary and 
secouilary salts undergo when heated. These (h'compo- 
sitious have already betm referred to (see ]>. 321 ) and p. 
TSO). 

Potassium Silicate, K.SiO..- -A compound of tlie dehin'to 
coni])osition re[)resented by the formula lnu-e givcm lias 
not been })repar(Ml. A solution of ]>otassium silicate in 
Avati'i’ is prejiared by dissolving sand or amorphous sili- 
con dioxidiA in potassium carlionat^A or hydroxide. It i: 
])i’epared on tluA large scale by melting together tjuartz 
powder and puriticMl })otash. It is known as icaler ylass, 
lor tli(‘ nnason that its solution dries in tluA air, forming 
ii ,i;lass-like looking mass. To distinguish it from the 
Avatm; glass made with sodium carbonate or hydroxide 
h is caJled palash iraf(0' ylass, 

llrniDH M, Ivb (At. \\ c. SI.TS). 

O.KSIUM, Cs (At. \Vt. 131. SDj. 

both these ('hunents an' widely distributed, but only 
111 small (piantitic'S. They gann'ially occur in com]>any 
^dlh potassium, which they n'sc'inble closc'ly. Tlu'y 
^ver*' discoveix'd by means of tin' s})e(drosco])e by .Ibin- 
and Xirchholl. The chainnd(‘ristic spc'ctrum of 
^'ihidium consists of two dark la'd lines, and this is the 
^>iigin of the name rubidium (from ruhidus, dark red). 
1 1 * siiini was found in tluA ITiirklu'im miin'ral water, and 
recognized by two characteristic, bliu' lines, and the 
iiaiiK' cjcsium was giyi'ii to it on this account (from casins, 
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sky-l)lii(\\ niil)i(liiMU is found in difftuvnt ^ I 

•nir.M, known as li‘|)idolit(‘. 'Idu' niinoral polhf.r^ ''liidi '. 
ossentially a silicah' of fa'siuin and aluinininin, ( 
(‘a'siiiin as oiin of tin' nlii(‘f (‘onstitiK'iits. 

it is a ivmarkal)!.' fart that tin' nK'nioiits rii]>i,li,„„ 
and rasinin which arc so similar to ])olassin in .iccnin 
])any il so i^cin'rally in nature'. Similar facts weav 
in lln' _i4r<nij> consislin^r ,,t' chloia’in', hromiin', am] 
and (hat of sulphur, se^lcniiim, and (('llnrinm. It uil| 
ht‘ rcmcmlM‘r(-*<l that chloriin' is fi'iMpicntlv accoiii ] 
hy hrnmiiic and iodim* ; ainl sidphur hv se'Iciiiii m im,! 
(('Iliirium ; hut that chloi iiic ami sulphur arc pivsent 
much laiy;('r (piaiitifics than (In* <*lcmcn(s which 
pnnv tljcm. i'lntfu r, (In* r(‘l;itinn>; h(‘f\v<‘(^ji (iir ;i(()iiiir 
A\'ci;^hts of the meinhers of ('ac/i ^roiif ) nn' ;ippro.\ imntilv 
tin* same. 

Rubidium is pr<‘pa?c(l h\ tin* same nnvtiiod as (]i;i( 
used in (In* ])r(*paration of potassium. 

It is sil v(*r-whit(' with a y<*llo\\ ish tint. Tt can he ('on- 
\orted into va])<u- which has a. him* coloi’. It talo'S lliv 
in the air at tin* ordinary te'in j)(*j-atui’<*. its action iijxni 
wate'r is tin* saiin* as that of jiotassium, and its salts ;iiv 
v(*r\' similar to (hose of potassium. 

Caesium has not \(*t isolat»*(l. I’v suhjectiii^ (lit* 

chloride* to tin* action of a ]>owerful «*h*ctric curtent 
^dol)Ule*s of un*ta.l aie' ^dv<*n off at oin* of tin* poh*s, hut 
tlu'Se* take* tii'e* in e*ontae-t with the* air at the* eirelimirv 
te*mpe‘ratui'e*. The* salts of e-a‘sium are* muedi like* tliosi* 
e)f ruhidium anel pedassinm. 

SuDli M, Na (At. W t. 

Occurrence. Soelium oe*e*nrs ve'rv wi(h*lv elistrihiiieei 
and in lai'^n* epiaiditi(*s in nature*, prim-ijially as se)eliu)ii 
e-ii le Jiie h*. It is loiniel in a nund)e*r of silie'ate'iS, anel is a 
e'onstitue'ut e)f j)lants, e‘spe‘e-ia lly of those wdiich grow ia 
the* ne'ighhorheaeael e)f the* se‘a-she)re‘. aanl in the*, se'a.. dust 
as tlie ashe*s of inlanel plaids are^ rie*h in pe)tassium 
heenate, sf) tln^ asln's of s(‘a, ])lants anel tlnise^ w hich go*" 
near themse'a are; rjedi in se)eiium carl)e)nate. It is foini'l 
everyw here in tin* soil, hut gene'rally in small epiantiti*'^ 
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[^^pK soiice ill tlio soil is duo to tlio doooinposiiion of 
jiiiiitM ills ooutaiiiiu^ it, sncli as soda tV'Idspar, or albito. It 
also as sodium nitrates or Cliili salipotor, and in 
Pi'.rr (Hiantity in (JnMuiland in lln^ form of cn/olKc, wliicli, 
IS has la'on (^X}>lainod, is a so-calljal doublo lliioride of 
jiliiiiiiiiiiim and sodium, of tlu‘ formula Xa,All^\, or 

preparation. - It is [ua^pamd Irom s«)dium carboiiatt^ l)y 
ll„. same imdlioil as that us(mI in llie preparation of potas- 
siiiin, the laaietion involved Imuu^’ represented thus: 

Na,(H)^ f .T. ^Xa ; :U '(). 

The reduction tak(‘s place mor(‘ r<\-ulily than in tin* case 
,,t jiotassinni, and it is not necessa I’v to prepa re t he mi\- 
tiiiv of cai'l)onat(‘ and (dniimoal l\v heatinp^ the salt of an 
(ii'j,:iiiic acid, as is done in tin* pi<‘paration of potassinin. 
The cai'honate is niixe<l with (dtarcoal, or |)oW(h‘i'iMl an- 
tliraciti' coal, and calcium carl>onat(‘, and sonn^tinu's this 
iiiiiss is mixed with an oil and tlien ignited in a criu ihhu 

A successful method for the ])reparation of sodium 
on the large scah‘ lias beim (ho ised hy ( histmo’. This 
consists ess(mtiallv in the laalnction of sodium liydroxide 
l'\ luxating it with an intimate mixtuix' ol timdy diNidru] 
ii'oii and cai’hon. The mass is pia'paiXMl by mixing tlu^ 
iron with molten ])itch, allowing it to <*ool, breaking it 
into pi('c(*s, and heating to a comparatividy high tenijuu- 
ahnu' without acc(‘ss ot air. the lauluction is saitl to 
lake ])lac(‘ at a t(mi[)era tu i-(‘ of S2“) instead of 1400 as 
in tlu' ohl('r method. Tli(‘ main reaction is rt'pia'stmted 
hy t his mpiation : 

OXaOIt 1 l\ C, : 2XaTH), d OH j 2Xa f Te. 

4Tio preparation of sodium waas formerly of more 
iniportaiice than it is at present, for the separation (d 
aluminium from the compounds found in naiuia? depemhal 
iipen the pre])aration of sodium. AFethods, de])miding 
upon the use of an electric furnace, have bemi ih' vised 
foi the preparation of aluminium, and the old method 
involving the use of sodium is no longer employed. 
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Proportios.— Tlie properties of sodium are vorv siini], 
to tlios(' of potassium. It is light, Hoatiiig on w.il,., . 
has a bright uudallie lustre; and at tlu^ oidin.i i ^ i,*,,, 
perature it is soft like wa\. It dt'('()mj)os('s w.ilri' 
not as rtsadily as ])otassium dot's. Its sp(H*i{i(* ginvitv is 
O.bTik') ; its nu'ltiiig point bo.b'. Its v}i])or is (•( 
wlaai SiMMi ill tliiii layia's, whih' (liick lavio's a|)j)(‘;if j,,,,. 
pie. W hen nn'Ited and allowi'd to eool it tain s flic 
erystalliziMl form. Wlnni ('xposml to the nir it nets np,!, 
th(' moist nil', and is eonxert^al into tin' li\ ilroxidi*. 

Applications.— It is used for tin' pnrposi' of is( il.itim 
SOUK' ('h'liK'nts wliosi' nxidi'S e, ‘Minot ('asil\- Ix' iciliicoi 
as, for ('xam[)h‘, alnmininm, magin'sin m, and silicoi, 
Avhieh ari' pr<‘parrd by tix'nting tln'ir eliloridfs with 
sndinm. Silicon, ho\\<‘\<*r, ns we hnv(' sei'ii, is jncji.nvii 
])t‘lt('r by treating potassmm tl iiosi 1 icaii', K Si|’, witi; 
^‘"linni. 'I'hr chnnent is also ns('d, in ('ombinatiini will 
nit'i’cnry as sodiinn amalgam, a snbstanei' wliieh .•dFonl'; 
a I’eady means of making nasi'i'iit livdrogeii. It .ilso 
finds constant application in tin* lalioralorN' for a v.iiit fv 
of pni' poses. 

Sodium Ilydriae, Na IT, IS forin.M! in tin* sanic\\a\:o 
file (•( n'lc'^poinl i iiy eoiiip<.nnd of potassium, ami is ii, 
every way sindlar 1<» Jl. 

Sodium Chloride, IMaCl. I'fns is the snbstnnci' wind! 
is g'e/)e?'ally know/) sjnip/\’ as suif^ nr roni nmn .suit. Il 
occurs \'e/'y widely (list rihutal, und / n i m nieiise p n;i n ( if iVs 
ill tin' earth. 'The most rmpo/danl (h'posits ai'e fjiMs; ;ir 
\\ iehVzka iii ( lulicin, ;it S/.assfnrt and lo'/elienlia 11 in < " i- 
many, and at ('lieshire in taiglaml Uesides t h('S(‘ I limv 
ai'e, h<iW('\(‘r, many of her deposit s in tin* Idiited St.it''"’ 
ot Anieriea, in Afri<‘a,ainl in Asia. As it is ('asm solidd' 
ill \vat('r, many springs and str(‘anis, as \V('ll as hdo's .uni 
tin' oe('aii, eoidani it. Si'a-wah'r contains 'J.7 ]K'r < 'nit. 
Jn SOUK' places sodium eliloride is takc'ii out of mimw in 
solid iorni. h'reipn'iitl ho\v('\«'r, wati'r is allowc'l t" 
flow into cavities in tin* <‘arth, and to .-('main for '"'h'' 
turn' in eontaci witli the salt, d'ln^ solution thus loinm 'l 
is iilterward drawn oj- pnmpi'd out of tin' mine 'ini 
evajioruted l>y aj)pro]>riab^ methods. It is gein-rnlh 
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B\o'w\y to T\in down waWs itnido ol Iwi^H, m ttnd 
jiLiri;*' surf;ic(.‘ of the is exposed to tlie :iir. The 

( iiti:iio(l solution thus obtaiiKul is tluui (iVMporated 
( r\ >hdli/aiioii by tlie aid of lus-it. 

[ii hot (‘ouidri(‘s salt is* ol)taiii(‘d l)y the eva})oiation of 
■■<<<“ i‘, th(‘ luuit of tlu^ sun b(Uii^ usi'd for th(5 purpose. 
] ;imv shallow cavities an^ .ina(h‘ in the (airtli, and into 
(I,,. sc Hh' water Hows at higli-tide, or it is j)uinp(‘d up into 
(liciii if th(\v ar(i too hi^^h. Tln‘ [U'oeoss is contininal for 
v;,)iii(‘ months, and tluui tin* iuoth(‘r-li<pior is drawn oil', 
mill the aecinnulatial salt <‘()lh‘et(Ml and subj('(‘t(‘d to 
|iri)|iei‘ iindhods of juirilieation. 

Tilt' sa It. obta iiK'd by the' above* methods is not pine. 
It ;il\\ a \ s eoiita ins soHinin snl phate, to^et hm; wit h nm^- 
iie^iiim and ealeiuin (ddorides. d he eliloihles of nia^iies- 
imn and ealeiuin cause it to heeoiin* moist in tin* air. 
hinv s;ilt does not attract nioisturi*. 

Sodinin ehloridi' er\stalli/es in eolorh*ss and traiis- 
jiaiviit ('uhes. Some of that \\hi(di (xa-urs in iiatme has 
:i hliie (‘(dor. W Inm deposile<| from an (*\ a])oiatin^ 
■-(iliitioii it tak(‘S tin* iorm (d small <adtes ariaiiu<'d in 
iioiips ol tin* shape of hollow pm a m ids, know ii as tin* 
l!<p|H'i -slia ped deposits. 1 f nrea or boric acid is pia'smit 
ill lilt ‘ solution the ei \ stals of sodium tdilori<l<* aia* oeta- 
ledioMs or com hinations of tliose with cuIm's. W lion 
dt'posih'd, tin* crystals (‘indose water, not as wat«*r of 
ir\ stall i/at ion, and this is piwm otV when the ei'\sta!s 
■ lie li('a1(‘d, tin* action oeinp; aeoom panit'd bv a erm kliiei^ 
''"iiiid. This is known as doceep//(///o//. 

Sednim chloride nu'lts at 77t» ,and is volatih* at a rt'd 
liiat. In hot wati'i' it is but litth* inon* solubh* than in 
'"id. At 100’ 100 ])aits ot watei' dissolvr* OO parts, and 
■d Midiiiai y teni |)(‘i’atui'('S Ol) parts. 

^i>diiim chloride* is tin* start in^i;-point in tin* ])rt*])aralion 
all sodinin compounds, as W(*ll as of chlori'n* and h\- 
(ho( lilovic acid. Salt is nocessaay to the life of man 
'^ 1(1 many other animals. Hdie rbh^ played by it in the 
‘""iial economy is not uinh'i'stood, but it is found 
n'lieially ilistribut(*d throu|^diout the body in small 
<l'‘antity. 
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Tlie hromidv, and iodide of sodium are HI;,. |j, 

corrospoiiHiiij^- potassium salts and need not dosc i il),.,j 

Sodium Hydroxide, NaOil. Tins c'ompoumi n^sriul,],,! 

potassium liydi*t>xid(Mn all rt'spocts. liein^ ^'Iieapcr it jH 
used miu'li mon^ (‘xtmisivtH y. It is pi'e|)ar(Ml in tlir s im,, 
way, by treatinj^- sodium carbonate in sobition widi ci] 
cium liydr<)\i(l(*, when insolubb‘ calcium carl)()ii;iH. ;,,n| 
soluble sodium hydroxide are formed : 

XaddX, } Ca(()iry, : : -f !2\a()ir. 

d’he substance is commoidy calltul eousfie soda: It is 
<‘xt(‘nsiv(‘ly ustal for the [mr[)ose of makiii;^^ soap linm 
fats. 

Oxides.- So( tin III forms two o\id(*s, tiie nionoxiiH, 
Xa,(h ninl tin' ju'ioxulr, Xa.O... In this lU'sjuu-t a (lil'l'rr- 
enc(‘ is iioticod b(‘tuecn sodium amt potassium ; tin' lattxi; 
l\)nnin<j; tin' compounds l\.,() and KJ)^. 

Sodium Peroxido, Ha.O-, has ae([uirod importaTice in 
tlioarts as a iiHxachiiii^-aecn L It is prrparcd b\' Inx-itnitt 
sodium ill a euiixmt of dry :dr at a tionpej-at me of ;;()() . 

]\ lien ilcatrd to a Jji<<li tcm j)(‘ratui’(‘ it yiviss olT ox 
AVatm- d<'eom|)oscs it, formiut^' ‘^<>dium Jiydroxide, and 
setting oxygi'ii free. 

The Jnjd n>siiJ phidr and the s/dp/tidns of sodium are niadi^ 
just as lh(' ]M)tassium com[)(mnds ar<‘, aiidri^semble tJuMii 
very closcdy. 

Sodium Sulphantimonate, Na.SbS,, also known as 
S(ddi[)p(*/s salt, is a parti(‘ularly Ix'autiful examph' of tla^ 
salts of sul[)ho-acids. It is ma(h‘, as its c()m])osition indi- 
cates, by dissolving antimony pentasulphidii in a solution 
of sodium sulphidti: 

81 ),S, -I- 3 Na,S 2Na38bS,. 

Sodium Nitrate, NaNO:,. — This compound occurs in 
large quantity in southern Peru on the border of (diili, 
and is known as (diili saltpeter. The natural salt con- 
tains, besides the nitrah^, sodium chloride, sulphate, and 
iodate. Sodium nitrates is very similar to potassiinn 
nitrate, but it cannot be used in place of tlie more c\ 
pensive potassium salt in the manufacture of the hnci 
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gunpowder, as it becomes moist in the air, and 
,1,)( S not decomp(»se quickly enoiigdi. 
l^.nslvely in tlio manufacture of nitric acid, and also for 
the purpose of preparing ordinary saltpeter. TJie iodine 
ooiitaiiKul in Chili salt})eter is now (‘xtracted on the lai'ge 
S(';i](s and this forms an important source oi iodine. 

Sodium Sulphate, Na,S 04 . - This salt was first made by 
(ihaiilnu-, as it is now madii, by tin* a(*tion of siilpliuric 
;ui(] nil sodium chlori(h\ It is commonly called ( Jlaubcr’s 
salt. It occurs in a numb(*r of natural wati'rs, as in that 
(it h lied I ic hshal 1 and ( arlsliad. It oci'urs, further, in 
solid Ibrin in small ([uantilios in .sonn* localiti(*s. It is 
made 111 vi'iy larpv (juaidili(‘s in conin*c1ion with the 
iiiaiiiifacture of soda, the tirsi react ion in this jiroci'ss con- 
sisting in treating sodium chhuidi* with suljdiuric acid. 
It is also fornu'd in tln‘ manufactui’e of nitric acid b\ 
tin* action of sul|diuric acid on ('hili saltpeti'r. 

bargt' quantiti(*s of sodium sul[diate an^ now made by 
the action of magnesium sulphati* on sodium chloride. 
This process is (‘inployed at Stassfurt, wlicn^ both mag- 
ijesinin suljdjate and sodium ('liloridi* occui’ in immense 
'ju.i 11 tities. Ihe action taki's ])lac(* bctwinni concentrated 
solutions at low temperatures. It is re])resented by the 
('(piation 

2Na01 -1- iMgSO^ -- NaaSO^ ^ 

ft ci'ystalli/(‘s in large, coloidess, monoclinic prisms, 
winch contain tmi molm-ules of watmx These crystals 
ari* tormed, howeyer, only in case tlu‘ temperature of tin* 
solution is below dd ’ at the tiim^ they aja^ diqiositiul. If 
a saturated solution is cooled down to a point sonu'- 
^vheie Ixdweeii dd" and 40y tln^ salt is deposited without 
watei- of crystallization. When the crystallized salt is 
lioah'd to dd it loses a part of its water. The salt is most 
'■asily soluble in water at ; above this jioint tln^ solu- 
ality decreases. Taking these facts into consideration, 

T appears probable that in solutions below dd” the com- 
pound Na^SO^ j lOH^O is jiresent ; while if the solu- 
is heated above this point the compound breaks 
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down, and the anhydrous salt, as well as the salts wif]^ 
less than ten inohu-ules of water, are less easily snIuliK. 
One of the ion niolta-ules of water is held iji tlu' cniu- 
pouiid more tirmly than the rc'st. It seems piohaMp 
that this is not [)rt‘sent as water hut as hydroxy], Ilia suit 

haviiy^ tlu^ formula OS j (-~>ia,_^S()^ | 

Sodium sulphate* e^asily forms siipe^rsatui-atc'd soliifio,,^ 
wliicii erystallize* rapidly if disturl)(‘d, if a small ci \sl:il 
of the* salt is Ihrowii into tln'in, and if coolrd doun 
to — S’. This ph(*nonn‘non is fr(‘(pu*ntlv prt'smili d liv 
salts, hut it is shown in a paitieularl y striking; wav hv 
tliis one. 

\\ lien (‘xpose'el to tin* .air tin* salt loses its wafcidf 
<*rvstalli/al toll and ('nniih}(‘s to a w hite* powdt'f. Tlii> is 
tin* pro<*(*ss .ah'<*a<ly <lesei ihed as r//An’e.sYV7/ee ('s(*(* p. a, Si. 

Sodium sulph.ite* is us(‘d as a pin’y;a ti\'<* in nn'dii iim , 
and in tin* lahoratoiw for tin* pioduetion oi cold aili- 
iicially. A i^ood fre'(*xiny;’ mixtiua* is made* hy hrim^iiiy it 
t< vu;(*tln'r w ith concent i;al('d hyd rt >«di loi ic acid. Soiliiim 
chhu'ide* is fornn'd, and the wat<*r of crystallization of tlic 
sul [)hat<* tak(*s t In* liepud foian. This clian;^'(* from tlir 
solid to tin* liepiid form is accompanie'd hy a marke'd ah- 
sorption of ln*.Lt. ha* ean he made* in this wav witlinut 
ditliculty. Tin* chii'f us('s of tin* sul})hat(* an* in tli<‘ 
maindact lire* of soelium (au'honate* and of ‘jjlass, as w ill 
he <*\])1aiin‘d farther on. 

Sodium ThioHuliDhato, Na S O,, \- .5IIjO. - ddds is the s alt 
whidi is (a)innn)nlv c.alhal fty posiii pinte of sndif. It 
made* on the lar^a* siaih* h\ tri'atino caustic soda ^\itil 
sul[>hur, and (a mdiK’t in^‘ sulphur dioxiih* iido tin* selie 
tioii. As has heen point(*d out, wh(*n sulphur aa-ts nji' ii 
])otassium carhonate })ol vsrd j)hid('S of potassium and iIh' 
thiosul[)hate are foian(*d. A similai’ action tak(*s pica* 
when sulj)hur acts upon caaistic soda,. Tin* ])ol\ sul- 
phides in the solution i^ive u]) sidphur to the sulpkih^ 
and coiivc*rt it thus into tin* thiosul[)hate : 


Na,S., + i\a,S( )3 r. Na^S + Na^S./),,. 
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]f is ;ils() niJide by boiling a solution of sodium sulphite 
lidding sulphur : 

+ S ^ Nm,8,03. 

Its cliief jip 2 )licution is in pliotogriijdiy, in which art it is 
list'll foi- the 2 )iir[)os(i of dissolving tlic excess of silver 
suit OH tlie 2 )late wliiidi lias Ixhmi exposixl to tlu> light, 
iiid oil wliiidi a [)ic*tui‘(‘ lias bix'ii d<‘V(d<»[)ed. The action 
loiisists ill the fonnatioii of salts in which both sodinin 
mill silviM* lire c« aitaiiKMl. T1 h*sc iirt' solnhli' in Avater. 
Till' tldosHl[)hat(‘ will 1x3 taken up ni<ne in detail under 
kSilvi'T (wliich S(‘0). 

Sodium Carbonate, Na-.COj. - ddiis salt, connnonly called 
,sMt/c, is oiH' of the most important of manufactured chemi- 
cal coiiijiounds. d’h(‘ mere' iiK'iition of tin* fact that it i 
cssi'iitial to tlu' mannt‘actur<* of glass and soa^) will sm-ve 
to giv(‘ soim‘ conci'ptioii of its imp<ntanc('. It is found 
iji I lie aslu'S of si'ii plants, just as potassium ca I'honate is 
found in tin* aslu's of inland j)]ants. hojinmly, it was 
iiiadi' entiiady from plant aslnes, hut wt‘ are no longm* de- 
[leiident U])on this source* for our sup])lv of the salt, as 
two methods liavi* lx*en devisc'd for pri'paring it from 
sodium chlorid(‘, with which natui-i* provides us in such 
.'ihiiiidaiUM*. As thesi* nu'tliods are nf gia'iit im])ortanc(*, 
and an*, furtln*)’, very interi'sting ap]dications of clieini- 
<a] jirinciples, they will lx* d('scrilx*d lx*low. 

Proportios. Anhydrous sodium ('arbonatf* is a ])owder 
uliiidi is formed by h(*ating tlx* ci-ystallizi'd salt. It melts 
t" a ch'ar liipiid wh(*n h(‘at('d to a sullicient 1 a' high ti'in- 
}a-i at u i'(‘, 1 1 dissol vi's in w atei- V(*ry readily with (‘volution 

of h(‘at. ddu' action is, howevi*!-, not as mark(*d as in 
tile case of ]H)tassiuni carbonate. AVheu the salt is 
(lenosited from a. wat(*r solution it has the comjiositiou 
AaA A)., 1()[1„(). 'This salt, it will be obs(*rved, con- 
lains tin' saiiu' ]uindx*r of molecuh's of water of crystal- 
lization as sixlium sul]>hate. Like this, toiy it etlloresces 
^vlieu exjiosed to the air. AVlu'U In'ated it melts in its 
'vater of crystallization, and the salt Na./'Og + 
dl())^C(()Na')„ separates. Idiis, however, loses water 
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^\hen lieatod liii,dior, and is (‘onvortod into tlio aidi vdi ,,,!^ 
salt. Tlu' condiu*! of tlio c*arl>onate towards w;it('r a( dif, 
tVoMit t(‘inj)t‘ratiir(‘s is sii^oc^stive of that of tlu^ sulpliaf,. 
Its niaxiiiimii solnhility is at tt'inpcM’atnros betwin'ii 
and 70 . Ahovo tho latter point the solnhilitv dta-K as( s. 
The raiis(‘ of this ])h(‘n<»nu‘ni>n is, in all ])i-ohahiliiv, 
tln^ same as that referr^al to in iT'serihin^^ tln^ aiialoi^ons 
plieiioiinnion prt'smitrd hy tin* sulphate'; that is, tlu' ('\- 
istciiee' of the' hytlratcal cornpomid Na.CO^ | lOII Oiii 
solution at t«‘inp(uatnrfs IxOow /O , and tin' el iss( x iat imi 
of this ee)inpe)nnel inte) wateu* ainl salts e'ontainin^^ a smalli i 
nninheU' etf nnele'e-nle-s ed‘ Wjite'i- e>f erystalli/.ation, w liidi 
areMe'ss solnleh', wlie'ii the' te'inpe'ral lire' is raised ahme 
this peiint. d lie' e-rvstals e»f soeliiiin eaidieuiale' e'e )nl a iniiiu 
te'ii inoh'eiih'S e)f wate'r eef e-rystalli/atie ui he'loii^- to tlix 
ineanoelinie* s\ st«'in. 

Applications. Sodium «-a i 1 >oiia te* is used in iniiiH iisr 
e/uaiithios in thr nianufaed ure' ed'^lass, and in /In* prepa- 
ration e»f ('anstie soela, w liieh is nse-d in the* nianufact inv 
of soa p. 

Tho Lg Blanc Process for tlio Mnniifacturo of Soeiiuni 
Carbonate.” In tin' manutaeture e)t sexla the' prohh'm (<> 
lee' so(\('el is to <-onve*rt soelium ehloi'ide* inte) soeiiuni e ar- 
honate'. d’he' first me'tlnxl eh'vise'd for this ])urpos(' is 
that of la' l>lane*. Diirinj^ the' hh’i'indi reveelutioii tlit' 
su])plv of j)e)tash was e*ut oil treem hhanea'. d'his h'd lh<‘ 
j^e) ve'rnme'iit ie) eelh'r a ])ri/e' tor a pra,e*tie*al method for 
inanuiaetiiri np; soela freeni eMenimeen salt. Thei nu'thod 
proposeel hy la' JMane at that time, ami whie*h, until r(‘- 
cently, has he'e'ii useel alnieest exclusively involves thre'e' 
reactions ; 

(1) The se)elinm ehlorieh'. is eeenve'.rte'.d into sodium 
sulphate liy tre'ating it with sul])lnuic aeiel: 

2Na(n + H,SO, r.::. Na.SO. f 2HC]. 

(2) The sodium sulphate thus obtained is heated with 
charcoal, which reduces it to sodium sulphide : 


Na,SO, + 2C = Na,8 + 2CO,. 
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Tlie sodium sulphide is lieated with calcium car- 
l)()iiatc, when sodium carbonate and calcium sulphide 
jirc formed : 


Na,S h CaC 03 Na^CX), + Ca8. 

'the c'onvorsiou of the sulphate into the carbonate is, 
flit'i(‘fort‘, expressed by tlie ('(piation 

Xa^SO, 1- 20 + CiiCi), + CaS -f- 200,. 

('alruim siil])]ude is iiisolubh' in water, so that bv 
ircatiii.i; tlu' rc'sultin;^ mass with walco* tlie sodium car- 
])()iiat»^ is s(‘parat(Ml from the sul[)bi(b‘. 

Ill [practice tlie sodium sulphate is mixed with coal 
and calcium carbonatcy and the mixtui’e hcnited in ap- 
j)i( )[)riat(‘l V const riictt'd furiiac(‘s. ddi(‘ coal reduces tln^ 
sul[»liate to sulphi(l(‘, which tlimi reacts u|)on the cal- 
cium cai'l)onat(‘, as above represmited. Th(‘ ]>rodiict of 
lh(' action is known as mva/c .sax/o or JLtvk (ish. It con- 
tains, as its chi(d’ constitmmts, sodium carbonate and 
cah'iiim sulphiih', to^etlnu’ with some calcium oxide, and 
a iiumlau- of otluM’ substancim in small (piantities. in 
onli'i’ to purify this product, it is brok«‘n to piec(‘s, and 
ti’catcal with wab'r ; and the solution thus obtained 
(‘vaporatt'd, wlnm the salt of the com]>osition Xa,(Xh-b 
is d('])osit(‘d. This is dijijied out, and driial by 
heat, whmi it !os(‘S all its watmx The jiroduct is the 
ralcivnl purified sndu of commerce'. This always contains 
some sul])hate and chloride to^^etlu'r with a small (juan- 
tity of sul[)hite. 

When dissolved in wati'r and alloweal to x*rvstallize, 
th(‘ salt is d{'})osited in lar;.^e, crystals whiedi contain 
"ai('r in the proportion r('])res(mhMl by the formula 
lt)Fi,(). This is th(‘ so-calh'd crjfsf(dlized sodd. 

Most of the soda which conies into the market is the 
' ihdned variety. The mother-lhpiors from the crystal- 
h/.cd soda contain some sodium hyilroxieh' iu conseepK'Uce 
"I tin’s action of calcium hvdroxiihmm sodium carbonate. 

I his can be converted into soda by passiiijj; carlnui di- 
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oxide into it ; and it can also bo partly separattMl froj^ 
the carbonate and brought into the market as surli. 

A method iias recently l)t‘eii tie vised for the 2)in pos(‘ of 
avoiding the maiiiilacture and use of siilphurie, acid in 
tlie soda factories. This consists in passing a hot inixtuin 
of svil}diiir dioxide, air, aiul steam t)ver soilium cliloiid^^ 
The action xvhich takes place is represented by tljis; 
expiation : 

‘2NaCl + 80, I H,0 f O Na,80, -f 2HCI. 

As, in the manufacture^ of soda, by the Lo Blanc jjio- 
cess, the sulphur remains in combination as (‘aliium 
sulphide, a proc(‘ss, known as the Chance proce'ss, has 
b(‘en ih'vised foi’ its r<‘coverv. This consists in nassiu*'' 
carbon dioxide' into the' waste*, thus libi'rating hvdiot^cii 
sulpliide; passing this into anotlier ])orti()n of the wasic, 
thus coiive'iting tiie cuJciuni suIphiiJo into the hydro- 
sulphide; and then tre'ating this with e-arboji dioxide, 
whe'ii a gas rich in Jiveliejgen sulphide is given otT: 

CO, + CaH,8, f- H,0 CaCO, + 2H,S. 

13y regulating the^ snp])ly of air the gas is burned either 
to sulphur dioxide or to sulphur. 

Ammonia Process for tho Manufacture of Soda. — An- 
other j)i-o(*('Ss now in ('\te*nsive^ use' for the' inanufactui <* 
e)f soda is the se)-e*alle*el ammonia proe'e'ss, or the SoIr'iH 
proi'css. This eh*pe'mls upem the fact that moio-sodiii m 
carbonate', llNa(A),, is comparative'ly elilhcultly solul'h' 
in wate'i'. If, the're'fore*, mono-ain me)nium e'arbeenate', m 
aedd ammonium ('arbeenate, HNH, is aehh'el te) a solii- 
tie)n of common salt, aciel sodium carbonate*, HNaCt ) , 
crystallizes out, and ainme)ninm eddoriele remains in tiie 
solution : 

NaCl + HNH,CO, HNaCO, f NH,C1. 

When the acid carbonate thus obtaiiKnl is heated, it giv< ^ 
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off f.irbon dioxide, and is converted into the normal salt 

tJius : 

2HNaCO, = Na,C 03 + CO, + H,0. 

Tlie carbon dioxide given off is passed into ammonia, 
luid tlms again obtained in the form of acid ammonium 
ciii'boiiate : 

NH, + H,0 + CO, =: HNH.CO,. 

Tli(^ ammonium chloride obtained in tlie first reaction 
is treated witli lime or magnesia, MgO, and the ammonia 
set 1V(M^ This ammonia is used again in the preparation 
of acid ammonium carbonate. Tdie object of using mag- 
msia is hi get magiK'sium chloride, wliicb, when evaj)- 
orated to dryness and heated, yitdds magnesia and hy- 
drochloric. acid : 

MgCl, + IT,0 MgO I 2I1C1. 

Mmv than half tlu' soda supply of the world is now fur* 

iiislie(l by tli(‘ S(d\'a\' proc(‘SS. 

Maimractiiro of Soda from Cryolite. As cryolite occurs 
ill nature' in large cpiantitit's, and can Ix' o])tained clieaplv, 
it is iis»'d in sonu' ])laees for tine manufacture of soda. 
Tlie |•{*a(•tions involved aia' : 

(1) ddu' action of caleiuiii carbonate' upon cryolite' at 
11 liigli temperatmu', when sodium aluminate, calcium 
diioi ide, and e'jirbon elie)xide ai’e formeel as rej)resented 
ill tlie ('(juatioji 

Na,AlF, + ^iCO^ rz: dCaF, + Na^AlO^ + 3C0,. 

(2) The actie)ii of eairbon elioxide npem the solutiein of 
tli<‘ aluminate^, wlien alnmininm hyelroxiele' is j)ree*i])itated, 
Hiid sodium eairlieinato formeel wideli i-e'inains in stdution : 

2 Na,A 103 + 'ICO, + 3H,/) 8Na,CO, -j- 2Al(0il\. 

After the mixture of cryolite^ and e*alcium carbonate, or 
^‘halk, lias been heated, the mass is ireateel witli water, 
^'lu'U tile se^dium aluminate' elissolves, wliile the calcium 
Ihioride deies imt. After se|)aratiiig the solutiem from 
bit insoluble residue, carbon dioxiele is passoil ilirougli it. 
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Mono-Sodium Carbonate, Primary Sodium Carbon ii to 
IINaCO;,. — 1'lns salt is coniinonly t‘all(M] “ In-carbojial i of 
soda.” It is ('asily pit'panal l)y passing- carlx)!! (li(i\ii],> 
ovt'i' tin' (udinary carbonatt' dissolved in its Avati'i' of 
(‘rystallization : 

Na.CO^ I ^ I H,( ) =: 2HNaCO,. 

When heated it <;i\es up carbon dioxide and watin-, ;iii,l 
is converted into the normal salt. As was staled in oon- 
mndion with tin' ammonia-soda pvoc(‘ss, primaiw^ sodimn 
carbonate' is much more dithcultly solubh^ in waler ihm 
tlie normal salt. At ordinary t(‘mperatm‘es 100 [)ar(s of 
water dissoKi' about 10 parts ol the salt. 

it is us('d in nn'dicine, and ('\t<‘nsi\ (>1 \' in tin' jnw'pMia- 
tion of soda-wat«‘r and (►lln'i* elVeJ vesciii^’ driid^s. 

Sodium-Potassium Carbonate, KNaCO, | 12II.O, is .m 
iiit('r('st i im’ ('Xampleot a salt ol a dibasic acid conlaiiiiii^ 
two dillereid metals. II is(‘asil\ nnnh' b\' mixiii;^' solii- 
tioiis oi p(dassinm ;ind sodium carlx niab'S, and is oli- 
tallied ill tin' form «»f laryi* ciwslals. 

Phosphates.- 'I’ln're an* thre«‘ phosphati'S of sodium 
jiisl as there are thrc'e phosplildes of potassinm. The 
peint of chief interest pr('senled b\ tlnmi is Unit llif 
second a ry sa 1 1 , 1 1 N a I *( is the one most ('asi I \- obtai ikmI, 
and is the substance coinmonlN known as sodium plms- 
plnit('. Wdnui a solution (d' t his salt is tr('.it<'d with ;iii 
(‘\cess ol .-^odiiim h \ (I ro\ ide, a m I t he solution ('\ a|)or;it( il. 
itoriiKil or h rf in r if snd t nm filiosplniff cr \ st a 1 1 i/(‘S on t. d !i is 
has tin' composition Na., Ih - 12 11, 0. din* solutioiiof 
the lattm’ salt has a,n alkaliin* r(*action, and when im- 
posed to tin' air it absorbs carbon dioxnh', and is reii- 
vert('d int() tin' secnndar\ salt : 

2\a;p()^ |-(0^ i IIJ) . 2liXajH), l-Na 
Src(iii(/<iri/ sf)(Jii/m /)/i<fSftIi<ffr^ ll.\a./P()^ 1211.,t), 

eiisily nnnh; by addinj^ sodium <*arbonat(‘ to a. solid i< ui > *t 
phosphoi ic acid until an alkaliin' reaction is showm. H 
is also pivj.ari'd on tln^ larj^U' scale, from boin'-ash. H 
forms ni(un»clinic ])risms which ellloresce in the air. 
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Sodium Metaphosphato, NaPOa, is fornuxl wlieu tlu^ pi i- 
ii):u v pliospliiito is i^]iit(3d. TIku-o are sc^vcual inodilii-a- 
(ioiis <)t the salt wliieli ap|)ear toditha; Irom one auotlier 
;^s re[)res(‘iited in tlio forniiilas >>'ah().^, Na..L\()^, Na.P./)^, 
(>lc. 'rids r*dati<)ii is (‘ailed pohjnK i'isin : or siil)staiu‘(‘s 
liave the same cojiiposit ion ])ut dittercmt mol('(‘ii- 
l;ir wei^dds are said to be polvima-ie. Kelatiojis of tins 
kind ai(' V('rv eomiiioii ainoii^ the comjxnnids of carbon. 
Aiiioiii^' tlui li vdrocarbons mentiojK'd in (dia})ter XIX, 
for ('\jnii[)l(‘, ar(^ acetylmn*, and lien/ame, 

'llicre arc', fni'thc'r, tw<) otlic'i' h\ clrocarbons of tlic' iOr- 
iiinlas (/Jl^and (^1^- Idainlv llic'sc' h\ cliocai'lcoiis all 
lia\(' lli(‘ same' [X'rct'ida^c^ coin posit ion. 'I'Ik'n arc* })olv- 
iiK l ie in tlie sc'iisc' in which that tc'i in has bc'cii dc'tinc'd. 

Di-sodiuin Pyro-antimonate, II.Na.Sb.O; [- 6H,0, is of 
special intc'i'c'st bc'canse it is insoluble* in cold watc*i', and 
may tln'i'c'forc' Ix^ usc'd for tin* ])urposc' of chdc'c'tinp; so- 
(limn in analysis, it is fornnnl whc'ii a solution of th (3 
corn'Sjiondinp;' pcjtassium salt is addc'd to a solution of 
a sodium salt. 

Sociuini Borato. — Xcu’inal Imric acid, as we have seen, 
lias the conpiosition and tlu'i-c* arc' a numbc'i' of 

lioiates dc'idvc'd fi’oni this ac-id by dirc'c't rc'plac-c'inc'nt of 
tin* hyclro^^c'n by medals. Tin* salt which boiic* aedd 
most rcniclily foinns ^\ith sodium Inclroxidc' or sodium 
varhonatc', howena'r, is that dc'idvc'd from frf rtthorir arid^ 
II Hdbi whic'h is ch'iivcd from noiinal boric acid bv' 
t'liiniiiat ion of watc'r. (Sc'c p. Moo). 'This salt is hitrax^ 
vliicdi in cry stal 1 izcal form has the c-omposition rcprc'- 
>^'‘idc'd ])y the formula Na,.l>,( ). f- 1011 Hy addin;.^ 
the i'('(pdi-('d cpiaiitity of sodium hvdi’oxidc' to a solution 
"1 hoi-nx, and c^vaporatiipi; to crystallization, sodium 
"e laborate', XalU),, -j- 1H.,( ), is obtainc'd : 

Xa,n/\ I ^XaOll . IXallO, 1 H,0. 

lh'‘ nudaborad(> is clcM*oni])osc'd whem its snlution is ex- 
posed to the action of the' air. It is thus convcudml by 
<*>ihon dioxide into sodium carbonate and borax, or 
^*'dium teda’aborate. 
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Borax occurs in nature in sovau’al lakers in Asia 
in (Aear Lake, Ncivaila, in tlie United States. It is nian- 
ufactured by neutralizing, Avitli sodium cail)onate, tin 
l)oric acid found in Tuscany, A\']ien lieated, l)()rax ])iins 
up, and at red heat it melts, forjninga transpanud, color- 
h'ss li([uid. The dehydrated salt is kno^vn, as anhydrous 
or cah'innt borax. in tin* molten condition, borax lias 
th(‘ po\v(U’ to conibiiu^ with metallic oxides, and, as maii\ 
of tlu' doul)l(‘ l)orat<‘S thus forjiKal arc^ colorcul, tie' salt 
is us(hI in blow-pip«* work for tln‘ purposes of (h'tec tiia; 
certaiii nn'tals. As it dissolve's metallic oxiib's, it is 
used in the 2 )rocPss of soldering, as it is necessai\ 
to have bri<i,ht, untarnisln'd Undallic. surfaces .in oi ih r 
that the sohh'r shall adlu're tirmly. The action of iiml- 
teii borax upon nu'tallic oxieh'S is similar to that wliicli 
takes plac(Mvh('n sodium h\ (lro\ide aeds uj)oji a, solntieii 
e)f borax. liorati'S of tie* nn'tals are' foi'iiu'd to;^<'tli('r 
Avith sodium borat<% or double boratt's in which ])art of 
th(' hydi’o^e'ii is replaccal by sodium and ])art by otla'i’ 
metals. 

Jioi'ax is ('xtensi ve'ly used in tlu' mannfactuit' of ]M»r- 
celain ami in ^lass-paint in^e r is an ajdis('[)tic, jnc- 
V('iitin^’ tin; decomposition of some or^^anic substances. 

Sodium Silicate, Na.SiO:,. Sodium silicate' is foi iiH il 
by dissohin^^ silicon elioxieb' in sodium hydroxide, ami 
can be obtaiiu'd in crystalli/c'd form. It is jire'pai’e'd on 
the lar^U' scab' by nu'ltinj^ to;^(*ther epiartz sand and so- 
dium cai’bonate' in tin' pi’ojx'j’ propoi t ions, and by iin ll- 
in;4 to,t;('ther sodium sulphate', epiartz sanel, ami c-lia lei mI 
])owele*i‘. d'bis substance' is e-eemmeenly kneiwn as /re/r/- 
It is seilubb' in wati'r, anel, wlie-n its seduti"!! 
elries, it leaye'S a transjea re*nt e'eiatinj^ e)n the', snrfae-e on 
which it is plae-e'el. Jt is exb'usiyely use'd in the' niaini- 
fae ture of artitie-ial steine. 


Lithium, Li (At. AVt. 

Lithium occurs in nature in re'latively small quant it v, 
chiedy in the minerals h'[)ieb elite', [le.talite^, and sjx'du- 
meiie', anel in many mineeral waters. It is alse) feiund 
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ashes of a number of plants. It is prepared by the 
alert loly sis of the chloride in tlie molten condition, 
j'he metal is silver-white, and is cliaractei ized by its low 
spi riljc {gravity. It acts vigorously upon water, but, if 
the water is at tlie ordinary tem])eratiire, the liydi’ogen 
rivt ii oil does not take lire. In the air it (conducts itself 
ill iiiiuii th(‘ same way that sodium does. 

liie most chjiract(‘ristii5 salts of lithium are the je/m.s- 
pliiih', C(trl}(mnt(\ and vJiloride. 

Litliium Phosphate, LiaPO^ IHjO, is precipitat(Ml when 
seeomlary sodium pliosphate is added to a solution of a 
lithium salt. It is very dillicultly solubh^ in watm* at tlie 
(iidiiiarv temperature. 

Lithium Carbonate, Li.COa, is also rather dillicultly sol- 
iihle ill water, and is d«'])osit(‘d when a solution of sodi- 
um eurhonate is added to a fairly coiicmdi'ated solution 
of lithium (*hlorid(‘. It dissohum uric acid, which is in- 
sohihh^ in wat(‘r, and is tinu-efore us('d in nuMlieine for 
lli(' [)urpose of rmnoving ])athological d(‘[)osits of this 
riritl in tlu^ body, hor this pur[)ose it is gi'mu’allv ad- 
ihiiiist(‘V(‘d in tln‘ form of a solution in wider containing 
earhon dioxide. 

Lithium Chloride, LiCl, is luamliar on account of the 
tart that it is solul)h‘ in alcohol ainl in a mixture of al- 
‘"hol and (dlnvr. Jn this r(‘S]>ect it dillers from the 
I'lilon'ih'S of potassium and sodium, which aiu' insoluble 
111 alrohol. J f, therefort*, a. mixturt' of the chlorithm of 
tlir three nndals is tia'aftnl with alcohol, only lithium 
I'lihuide dissolve's; and in this way lithium can be s('p- 
nat(‘d from the other metals. 


Ammonium Sat/i's. 

Alti'iition has already been called to the. marked simi- 
biily of the salts of potassium and sodium to those 
f')iiii(.,l Py 1 ^]^^ action of ammonia on the acids, and 
^^ii'nvii as ammonium salts. ddn‘ most im])ortant of 
salts will be brietly considered in this connection. 
A ' haiacteristic proptn-ty of ammonium salts w hi(*h dis- 
^i»,:^uishes them from the salts of all the metals is their 
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volatility. \\ lii‘n siiMinunl, tlioy all midorgo d»U ( 
tioii, wliii'h is (‘itlho- j>ailial or coni plrto. 

Tlu' >ini[>li'st IximI ot dt'coin position Avhicli Uk ^ 
(hnno is (li'>>ociatioii into ammonia and tiu' acid. ri,j^ 
is inn'll rated in tlu‘ ease ot ammonium cli li n'idc, w 
w hen heated to a snllici<‘nt 1 v hinh t cm j »era I me, js 
S( a iati'd* into ammonia and li vd rochloric acid. Tljis is 
an (‘\amj)h‘ ot trin' dissociation. I In* anioiinj of .Irrnin^ 

])(»sili()ij JS ( onstant tor an\ ti'inperat nre and jnc.s- 

siire. 

An ammonium salt of a pol v])asic aci<] contaiiiiiii; ,si mic 
metal ,ni^es ott" ammonia and lea\es an acid salt, \\ hicli 
neinaalh nndiouoes fnrth*-!' deconi]»oslt ion. d hiis, 
dinm-aminoiiin m siiljdiate, NaNll^St)^, first f^iNes nil 
ammonia and torms mono-sodium sulphate: 


SO, 


1 \.a 

I Ml. 


SO 


t Na 

‘ ( n 


Mr,. 


The acid salt thus 1’ormr‘d then nnder'^ux's furtlier 
chan,i4e and the [> vro.^ul phate is fornnal : 

'JSO ' . X;i SO, ! - U O. 

.Another <‘\aniph- of this hind of decomposition of ;nii- 
inonium salts is that alVoiah'd 1>\' sodium - a miiioiiiuin 
] dios j i] la te, lINaNIl Id),. When heated, this ^n*ves el] 
ammonia and then watm', the final jiroduct Ixdno seidinai 
meta I )]ios[dia t e : 

( OXa 

rt ) ’ O M r , rr: PO ’ ()\\ - XH, *, 

h)ii (oh 

( OXa 

IT) ’ Off : l>0/)Xa d H,0. 

( Off 

Some ammonium salts nmleroo dm'jier-siuited <lei 
positions, and do not ;^ive ammonia as one of the po T 
m*ts. ddiis is true esp(M*iailv' of such salts as readii' 
oive ofT oxyj^uui. fn such cases tln^ aininoiiia is oxidi/' d 
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sn lli.it till' liydi-d^roii forms water. 'I'liis is illusliated 
,11 |!ic (ItH-oinpositioii of animoiiiinn iiitratt‘ ami nitrilt' : 

: XJ) I and 

XII, NO, X, I 1>I1*0. 

I' ml I k')', all atiiiiioiiiuiii sails ait* tlrt-t mi j m )s«m 1 wVitli cvo- 
lull , ,11 of aiiinionia wlnm trt>atrd with Itasic h\ (irt ,\i(h‘S. 
Tlii> has ht'rii illustialod in tin' |M»'|>arat ion of aninirtiiia 
lidiii a II! iinmimn nhlorith* 1>\ t i t'at nioiit w ith cahaiini 
li\ (Iroxidc : 

‘JN 11.(1 j ('a Ollp Cad ; ‘^Xll . ‘Illo. 

Tile aiiiinoiiiiiin salts art' niatlo Itv in'ut rali/iiiL!: adds 
w i 1 1 1 a 1 1 1 1 1 1! I n i a . 

Aminoniuin Clilorido, NlI.Cl. 11d'^ salt is coniiiionh 
^■A\\iA\ snj ,! m At (ir('s<iil it s j >ii i id pa I soiiicc is 

til'' ^"-t'allc^l aniiinmiafal I it pn .r of t In ■ i;as- w ork s. 11iis 
ii'piid f( ml a I ns a ta msnh'ia hh- tjiiantitv a in iin min in 
'■ ■•Hid, when il is Irt'alod with linio, anmioiiia is 

.'■i' ' ll oil . I his is passed int < * h \ d la >di loim- ai-it I. and t lie 
^"iiiti"ii "f aininoninin diloi ide thus ftmiin-tl ('\ apoi-atod 
t" fr\ s(a I li/atioii. Hn'sall has a sha i p, salt \ tastt', and 
i^' asilv soliddt' in watt'r. W lifii hi'alt'd, it is foiivoitotl 
i'll" \apor without nidtiiii;’ ainl with xerv slight dt'ctnii- 
l'"^*ti'ni; and when the sajau' cinnos in fontant with a 
'*’^'1 siirlai't', it (•(tinlonsoN la niw st a 1 1 1 in • tt)! ni. This pia,- 
<1 Napori/in;4 and foinh'nsiiiL:, a stdid is nallotl snf,- 
Ill'll Sonit' ot tho aininoninin diloridt^ int'l with in 
'"'iikd has 1)0011 snhliinotl. Hn' salt is list'd in tin' 
l"''l’'"'dion of aininonia, in nu'didin', and for otlior pnr- 
Wilt'll it is tlissohotl in watt'r, a fonsith'raldt' 
*n'''iiiiL( ol ti'iii jn'rat nrt' is oansotl. 

Ainmonium Snlphocyaiiato, NII.CNS. 11iis salt is pro- 
I " '! hy Iniiiydno foootln'r atpH'tnis ainnntnia, t‘aritt)n 
isiiljihith', and alctihol. 11n' llrst jn’tnlnd is a ninioninin 
I ha mat (', tln^ t< inn a lion of wliinli is pt'rft'ntlv anahi- 
s "Is It) lilt) torinatioii ot tlin oitlinarv narhainatt' l)\' tlin 

I. Dll of carlxm dioxitln on aiiinionia : 
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r)-->o 


CS, 2NH3 
CO, + ‘2NH, 


= C0 


i NH, 

I ONH,. 


Tlie tlii()carl);iiii.‘iti3 iit’torwavds breaks down wlu'ii 
heated, forming the sulplioeyanaie and liydrogeii siii- 
pliid(3 : 


CNSNH, I - H,S. 


TliO salt, lilo' so many otlior ammonium salts, caiisis 
a iiiarkc'd lowanlng ot trm jxu’atuia' wlnm dissoUcd in 
watm’. W h(ui 100 gi ains are, dissolv('d in the saiiit^ 
weight of wat('r at 17 , the t(‘m[)eratur(‘ falls to 12 . It 
is iio\\' mueh list'd in analvlieal proei’sses for the (‘sli- 
niation of silvtu' and eoppt'r. 

Ammonium Sulphide, (Nlld-S. I his (‘oin]»ound is ( N- 
tensi\(*l\' used in ehi'iiiieal anal\sis lor tin' [Uii'jiose (.1 
p i‘(‘ei| )i I a 1 1 ng thost* snlphidrs which are soluhh' in diliilt' 
li s <1 roch lorie acid (set' [>. lOS and [). -170). As w ill 1 h‘ iv- 
UK'iiibeivd, ill the usual melhodof anal v/ing a iMixtiiiv 
of substanei's, thi' lird, step consists in adding hvdrn- 
(‘hloric- acid to the stdution. d his pri'ci [litales sho t', 
lead, and, iiinh'r ceitain conditions, nn'i’ciiry. I p" ' 
ci[)itate having Ix'i'ii lilteri'd oil, hydrogen suljihide in 
passeil through the filtrate, wIh'U those, nndals aiv' pi'- 
ci[)itated whose* sidphiiles art*, insoluble in dilute li\dii'' 
chloric acid. The pn'cipitate is liltt'rc'd off, and aiimr'- 
niiini sul[ddde added to tin' llltrab*, w hi'ii t in' iiu t.ih 
whose sulphidi's ari^ soliibh^ in dihde h vdrochlorit' :u ih 
an^ thrown down. Among tlu'se art; iron, cobalt, nicie l, 
niangaiK'St', etc. Any otlu'r soluble siiljihidi' niigld he 
iisial ; but tlu' advaiitagi^ of ammonium sulphide is tlnl 
is volatile, and Inuice, by evaporating th(^ solution -iii'l 
heating, it can be, got riil of aftei- it lias s(M“V(m 1 its piU' 
])ose. Anotln*!’ ns(‘, to wdiich it is ])ut in analvsis ie. l''^ 
the purposii of dissolving the sulphidi^s of tin, arseiiio 
and antimony, wliich are jirecipitated by hydrogen 
phide, and thus separating these from th(^ otln'i' sii 
pliidi's of the group. This solution depends upon t 
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power of the sulphides to form salts of sulpho-aeids, as 
liii.s been repeatcully explained. 

Ammonium sulphide is made by passing lijalrogen 
sulpliide into an a([ueous solution of ammonia. If the 
o;is is pass(‘d until the solution is saturated, tlie 2)roduet 
is the hydi ()sul2)hide : 

If ojdy half this (|uantity of the gas is 2)a,ssed, the 2)ro- 
(lu(‘t is the sulphide : 

2NH3 -I- H,S 

TIk' simph'st wav to make it, howcner, is to divide a 
i|u;iiitity of a solution of ammonia into two tMjual parts ; 
satui'ale one half, thus forming th(‘ hvd rosul2)irKle, and 
add the other half, when this la'aetion takes 2>la('(^ : 
HMl^S f Nil, (NK.hS. 

Th(^ product is a colorless licpiid of a disagrei'ahle 
odoi’. It soon chang(‘S color, hecomijig yellow , and after 
a lime a ycdlow d(‘p)osit is fornuMl in the v<ms(d in Avliich 
it is contaiiKMl. This change of coloi’ is diu' to the action 
of tins oxygen of tlu' aiix Some of the sulphide is de- 
compost.'d into ammonia., wahu’, and sulj)hur, thus: 

fXR.lS 4- 0 2XH, -1 ■ 11,0 + s. 

The sulphur S(‘t free in this way combines with the 
mi(h'conip()S('d amino.’dum sulphide, forming tln^ com- 
['oiiiids ( Nird,,S.,, (XI-r,\,S.^ (XH/V.S,, ami (XHd.:,S,,. W’lum 
■ 1 ^ mindi sid[)hur has Ixmmi S(‘t fre«^ as is rta^uired to form 
tlio p('ntasul|)hide, furtlnu- d<‘com 2 )osition hv the o\w gen 
of t]|(‘ air causes a. (h'])osit of sulphur, d lnuad'ore, in 
i'olth's cojitaining ammoidum sulphide which ai(' al- 
lowed to stand for a long tinu' a (h'posit of sulphur is 
■dways found. A solution containing tin' ])olysulphi(h's 
< alh'd yrlJoin (DtinKmima sNl/>In'<lr. It is this whicli is 
I'^'d for the 2)ur])ose of dissolving the sulphides of 
■^''^‘‘iiic, antimony, and tin in a.nalytica.1 operations, 

ds stated above, a solution of iininioru’ ftm Ji/fih'osuJ- 
pinir, JINH.S, is made by ])assing hydrogcm sul})hide 
^^do <i solution of ammonia until no more is taken uj). 
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Ammonium Nitrate, NHiNOa, is obtaiiiod iii ( r\st ,i 
wlntdi are easily soluble' in wab'r. It is ol us(^ elii ilv ' 
the pi’e[)aration of Jiitroiis oxide. WIu'ii heated sud 
■ l('iil_v t<i u Ilia'll teiiiix'iiituri' it is dccouiposoil laiiiillv 
iido nitro^^eai, water, and nitric* oxide : 

‘IMI.XO, e: ) . 0X0 4 411^0. 

'riiis dee'oniposition may take' ])lae«' in tin' ])i‘(‘))ar;iti.iii ef 
nitrons oxide' if in tin' last sla.^e's of tin' o[)('iatioii ih, 
lu'at is raise'd too lii.yli, and ex|)losi()j|s nia\ b.' (‘.lustii 
in this wa\. W ln'ii dissolvc'd in wati'r a marked lowvi- 
in^’ of t('ni)M'ratni-(' takes jdaeo. 

Ammonium Carbonate, (Nn.).CO;,. When dry ;i 
^^as and dry earlM.n di(»xid(' an' bi-on,«;]it to^ctln'r, llir\ 
unite' and loian tin' salt known ns ujinHoni/iiH (‘(irhan/nl, 

whieli has tin* composition (!) ' • 

' / (>M I / 

cn, , iMI 


this is the salt ot an ae-id, ( '( > j , known as c;i)- 

bamic acid. \\ iien the cai hamate is dissolve'd in w;it(‘i', 
it is coiiv('rt('d iido tin* carbonate': 


( () 


i Ml. 

I ONil, 


H.d ) - ( '() 


( oxir, 

f OXH,. 


A\ hc'ii heate'd to nS , tin* in>rmal carbonate' is (h'coni jx ise d, 
fonnini^- carbon dioxide, water, and ammonia. Idn' snli- 
stance' tonnd in tin' maike't ninh'i’ the' name' of aniiiK'iii- 
iim e*arbonate' is inadee by In'atinn,' top,«*the'r am iiionin ni 
e*hlori(h', or sulphate' and e'halk. It e*onsists e)f noi in.d 
ammonium cai'bonate', ( X 1 1 4 ).,, primary ammoidiiin 
e*arbonate‘, 1 1 N 1 1 j ( I ammonium cariiamate'. 

I riindrtj /inimoin uni ( jt rJxyimh^ JlXIIddI,, is fornnel h\ 
treatin^^ tin' normal e-arbemate* with e*arl)e)n dieexiele', .md 
by allowdnj_^ the' e*omm<‘re*ial carbonates to lie ex])ose'e! t'* 
the air, whe'ii tine carbaanate is ce)nvorte'el into the' < n 
boiiate by the moisture, aiiel the carbonate loses mui 
monia : 


CO 


ONH, 

ONK 


CO I 


Ionh. + nh.. 
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K is easily (l(H‘()jn])()S(al into Miiiiiionia, water, and car- 
|h)ii (li()\i(l(‘. 

Sodium-ammoniura Phosphate, IINaNH.PO^. Tliis salt 

is known as itnvrorositnc salt ^ and is inneli ns(‘d in tin' 
|;il,()i;dorv in l)l()\v-|)i|H^ work. It is eonlained in -inino 
;ui.l ill deconiposi'd urine. It is easily made hy ndxino 
solutions of di-sodiiiin pliosjdiate and’ aininoninin ehlo- 
ri.].', uiid allowin- to erystalli/<n in erysta I liz(M 1 form it 
coiifains tour mok'cnli's of watej-, MXaNilld) j IH () 
I'lii' u liicli thi' ;i!iliy(lr(iiis sail ua<lciy;ocs w licji 

licaliO wi'iv on |iaocr)|8. Wlicn tlin (■ivstal- 

liz.vi sail is linatrd, tlm walin' of .■rvsiallization is tirsi 

n'"'" "'I- I'l"' I' till' sail in lilovv-|iip(. woi'li ,1,- 

IH'iiils upon tlin fad dial al lii-|i li'in pci'al n its ||in nii'la- 
pliospliafc I'oniliinos with nn'lallic oNiilrs, foniiin”' niixiMl 
pliosphalcs, the |■l■a(•^ions l.cin.L;' like I hose w liinh inOa- 
[iliospliorir ai'iil unihn'oors with wairr; 

-in’(), I no II, !'(),; 

Ill’o 1 HO 11,1-0,'; 

‘iNal’O, I M,0 . Na,M,'l>.(h; 

XnI’O, 1- M o NaM .I-O,.' ’ 

-■'lanp of those ilonlilo pliosphalcs and pyi'ophosphados 
I'olorod, and, like th(‘ donhh' horatos (see p. all)i 
•I"',' Inrnish a moans of didi'clin;;' fho niotals. 

Kcaotions of fho Moinbers of tlie Sodium Group which 
"I'o of Value in Chemical Analysis.- 'I'ho ohiof dillioultv 
''''|■'■^onood in idiomioal anal.v.sis is in dislin.onishin'- 
’d''oon similar olomonts. Sodium and polassinm, for 
''■Hiiplo, oondiiot llmmsolvos so miioh alike in’ so 
'"miy I■ospoots tliat wo niioht snl.joot tliom to the in- 
III MOO of a iinndior of roa.i^onts wilhout lioinu a])h> 

" tdl which one wo are working with. For pni- 
Ilf analysis, tliond'oro, it is nooossary to take 
|"l'i'iita-o of diiroromms l.otwoon the olomonts, and the 
"ii'io striking the diHovoiioos the liottor. Thoso roao- 
""i-i whiidi give nso to tlie formation of insoluhlo oom- 
i""|'i'n or pivoipitatos are most frmiuontly used in 
' .'MIS. Vory f(>w salts of the members of tlio sodium 
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^roiip aro insol iiblo, jind ilio dillieulty of distiii'^iiisM pr 
botweoii tlu'so olonients is iiiort'nscMl by tliis lacf. 
ordiinii'y nindysos tin' elenioiits of this j^roii]) wliich aoi 
of most im[)ort;iiK*t; an' j)otassimu and sodiiini, thp 
other (‘leiiumts of tln^ i^rou]) beiii;^ but r;if(4y met 
with. Ainmoninin rom[>ounds ar(i (easily disliirmiisli,,! 
from those of ])o(assiuin and sodium by tlu' fact 
when t leaded witli eaustie soda or [lotash, tlu^y i;i\(‘ off 
ammonia, ^\■hieh is j'ceo^ni/aHl 1 >n' its eliai’acltn ist ic oilor. 
d’h(‘ ehied' naudions which are of value' in distinmiisliinn 
bedwea'ii jiotassiiim ami seeelium are' (he* lollowiir^ ; 

Pltif'nuini ('l(lnri(li\ I'td^ foims dillieniltly sol n I ) Ic salts 
with potassium ami ammonium edilorieh's. d'lassc ;mv 
tile K.lht'l,, ami fXIld Idt’l,. 'i'lic coi- 

I’espomliiijj; salt ot s(»(linni is <‘asil\ sohihh'. 

I^ rc/tiorii' Ac'kK IK '!(),, huans dilliemltly solnlih' jtolits- 
si mti jH‘t'clilnr(tti‘, lv('l()^, wlnni aelehal to solidions ol po- 
tassium slabs. 

Fhiosilirir Tf.,Sily, forms dillicnbly solnl)lc sails 

with |)otassinm anel sodium, K SiF,. and Na.Sih,, hid not 
with ammonium. 

7\ir/(irir And, 1T.,(( \] f ,(),), forms a el iflieniltly sol iihlc 
potassium sallof the' formula, K I h ( \ 1 1 d'lic coriv- 
s])ondinp; salt of sodium is eaisily solul)h‘. ddie tnrina- 
tion of me)m)-potassiu 111 tarti'ale' take's [)lae‘e as la'pin- 
seniti'd in tin* e'epiation : 

K(d f lljChll/V) = Klldhir.Od d-TT(d. 

Normal or m'utiad potassium tartrate' is soluble' in wah'i', 
se) that, if the^ dillicultly soluble' aciel taidi'afe' is tilh ivl 
off, anel [lotassinm e-a |•bonate'. aeleh'el te) it, it elisseeUe s in 
(!oiise'epie‘m*e', of the' fe )i-ma,tie)n of the m'utral salt, wlii' k 
takees [ikice’! as ree[)re‘.se‘nte‘el in tliei ('epiatie)ii 

2KH((VH,(),.) 1 K,(XX, -- ‘2lv/(l,lt,(V) I (hb I IKk 

If, to the solution of the' ne>utral salt, hyd roe-hhiiic n i'l 
iS aeleleel, the; ae-iel salt is a;^ain foiamal and pre'cipitni oJ • 

Ivbl.H.Oj l-HCl : 

Di-8odln,ni Pf/ ro-anf intowtfr, Xa.ll .Sb/),, is insolnhlo in 
fold wateir, and is feirined whe'ji a solution of the^ c(n it'' 
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spoiidiiif’- i)i>tiissiuin salt is addod to a solution of a so- 
dium salt. 

Flame Reactions and the Spectroscope.— -When a clean 
|)i(V(' of pljitiiiuiii wire is Jield for soni.t time in tlie flame 
t.f the Ifujiseii bnriKa-, it tleei imparts iio ('olor to tJie 
ll;iiti(\ ]t HOW a small ])i(M'(' of sodium ea rltoiette or any 
otlKM- salt of sodium is put .)i, it, the Jhnm^ is colored 
iiitiiisi'ly yellow. All sodium componuds Imvti [ids 
|M.\v('r, and lieiictt the (diemisf nmkes use of (Jn’s f;ict for 
dll' i.iir[>os(‘ of dtdecliiip: th(‘ ])r('senc(^ of sodium. Simi- 
larly, |)otassium componuds ctdor tin' llamt' viol.d ; litti- 
iutii rompounds color tin' Harm' ivd ; rnhidiiiin and 
cii'Sium ])i-odiic(> colors sindlai- to that of tht' poiassinin 
il;iiin‘. Whih' it is an easy mall('r to ivco-nizt' potas- 
siaiii aloiu', or- any oiu' of tin* other nn'tals alone, it is 
(litlieidt to do so win'll tln'v aia' to-t'tln'r in tln'’sann' 
'■'-"‘l.onnd. For ('xamph', wln'ii sodium and ].otassinm 
■ iH' to.unther, tin' inti'iisi' yelhtw canst'd l.y tin' sodium 
('«)iii|)|(>t('ly masks the moi'(> dt'licalt' \io|(‘t caused lo 
dll' |)()tassiiini, s<» that tin' lattt'V cannot Ix' st'.'n 1 ,n flic 
'iiiaidt'd ey(>. In this particular cast* tin' dillicudw can 
!>•' yot ovt'r hy h'ltin- tin' liylit from tin' llann'’pass 
tliioiieli ;i o|;iss, oi- t li i-oiiy h ;i t hin vessi'l of ^lass 

'■'•ntainin,<4 a solution of imliy<e 'rii,> y,dlow h\-i,t i- 
llnis cut off, whih' the vioh'l liylit ])ass('s tlironyh and 
‘‘■111 hr' ri'coonizi'd. A nnni' -eneral nn'thod foi’ d('- 
h'l'tnin- the constitiK'nts of li-ht is hy means of a ])rism 
"1 ylass. la’^hts of diriV'reiit colors, which art' pro- 
hy etln'i- waves of dilh'i-ent h'ligths, are tmin'd 
"'h of tht'ir course to dinhiviit ('xtt'ids wln'ii passt'd 
hiioiiyh a, prism, as is set'ii wln'ii whitt' sunlight is 
]'-i^sed thi-ou-h a. ])risni. A nari-ow Ix'am of wiiilt^ li-lit 
t’-issliinr in (‘m(»i’o(*s as a hand ot var ious color's, calli'd its 
Jp'v/r/o/o \V(' thus see that whitt' li,i;ht is madt' up of 
t^lds of diti'ei(oit colors ; or, to spt'ak in tin' lanpuap(‘ of 
physies, that motion of tin' li-ht-('t ht'r which ]U‘oduces 
ihet've tlu' st'nsation of whit*' lipdrt is made up of a 
’niiiiht'i- ot motions, t'ach of w hich alone product's upon the 
‘.y* the sensation of a color*. Similarly, we can delt'rmim' 
I'.it any lijrlrt is com])osed of. Evei*y light has its char- 
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.•ictorislif spcH-tniin. Tlio light given off from aii\ soli,] 
liejifed to a wliite lieat giv(‘S a conf innons 'SJMt( rum, 
that of the sunlight. An ineandescent gaseous siihstaiKT^ 
(Ml the ottier hand, gives a spectrum made up of st'pamte 
hands of coloi-, or a hnuilvd -s'/vc/r/o/n The liglit ]))0(liL( (d 
hv huriiing sodium, or hy int rodiK'iiig a sodium (om, 
poiiml ill a coha’h'ss llam(‘, gives a sja'ctrum consislin^^ of 
a narrow yellow ha ml. 'rii(‘ spmdrum ot tlic' potassium 
tlanu' consists (sssend iall\' ot (\s() liands, (HK' laul ami oik^ 
\iolet. r'lirtlier, tlies(‘ hands always occupy detini((' p isi- 
t ij nis r(da I i \ el v to one aiiot liei', so that, in looking I li i < uiuii 
a pi-ism at tin' light caused hy potassium ami sodium, tlu' 
vi'llow haml of sodium is seen in its j)()silion, ami the 
two jiotassinm hands in their jiroj>ei’ positions. I limv 
is theiad'oia* no dilli<-nlty in det(‘cliiig tln‘S(‘ ('hmimits 
win'll [tia'si'id in thesann' siihslanei' or in tin' pia'smnu' 
of otln'i' ('lemeids whieh giv«' clia raet ('I’ist ic sjieetra. 

The instrunn'iit used for tin' jiiirposi' of ohserving tlu' 
s[)ectra- of ditlerc'ut lights is ealh'd the spt'rf roscopc.'' It 
consists css('id,ially of a prism a, ml two telesco])ns. 
Through one of tin' teles(a)p('S tln^ light to la^ (^xa,niiii('(l 
is allow (‘d to pass so as to sti'ike, tin' prism propi'i ly 
Tina lig’ht emerges from the other side of the prism, and 
is ohs('rv('d through tln^ other tidmscoja', w hich is gim 
vidi'd with lenses for the purpose of magnifying (In' 
spi'ctrum. By im'ans of a, third teh'seopr', an image et ;i 
scale is thrown u[)OU the fa.ee <d the prism from wiiirli 
the s^nu'trum emerges, and is rethu'ded thence into llm 
ohservi ng-tuh(', togetln'r with tlni spectrum, so that tin 
position of tln^ hands can lie accui'ately determim'd. hg 
means of the spectroscope, it is jiossihle to detect tlm 
minutest (piantities of some elmnents, and, since it w;i^ 
devised, sevi'ral now elements have heen disco vmvtl 
through its aid ; as, for exarnph', ciesium, rubidium, 
Hum, indium, gallium, and others. 

* For an acixaint of llio spectroscope and its imes, tin; stn(i<‘nl oi uld 
consult some w’ork on physics. The ])rinciplcs involved in its con^ma 
tion and application arc physical principles, and cannot propol} 
taken up in detail in a text-book of chemistry. 
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ELKMENTS OF FAMILY 11, GROUP A: 
(iLFClNUM -MAGNIOSIFAI— CALCIUM-STRONTIUM— 
RARiUM [EJUUUMl. 

General. — Tlie elenuniis of this ^rou]» fall into two sub- 
gi'()n|>s. ('alciniii, stvontimii, and l)ariuni ai(‘ strikin;^! V 
;ilik(‘. They also hav<3 some ])oints in eoinnion with the 
iiKMiihers of the potassinin family, and at the same time 
;ii(' l•(‘lid(Hl in some d(‘<j;r(H‘. to th(‘, imdals of l^'aiiiily 111, 
droll]) A, wliieh are known as the eartli metals. There- 
!'oi(', ealeium, hariiim, and stroidiiim are ^mierally ealhnl 
hio metals of the ((JbtUiie nailiH, Glueinnm and inag- 
jK'sium r('seml)l(' tli(‘ imdals of tin" alkalim" eaidhs in some 
ways, hut they also resemhle the im^mlxu-s of (iron]) 11, 
of tin? same fandly, whicdi ineludes zine and cadmium. 
Oil com[)aring tlu' groii[) with the ehumuits jiri^smited in 
till' last cha])tt"r, some analogous facts are notii'cd. Ar- 
liiiiging the five eh'ments of the ])otassium grouj) in the 
ordi'i' of their atomic weights, and tin" elements of Family 
11, Group A, in the same way, avo liave this table : 


Li 

Na 

K 

lib 

Cs 

C.97 

22.8:> 

38.82 

81.78 

131.89 

G1 

Mg 

( ka 

Sr 

La 

9.01 

21.10 

39.70 

86.95 

136.39 


As regards the analogies betAVOon the elements in each 
k'i'oup, the gem^ral statement can be made that the last 
tliii'e niemlxu’s of ('ach group res(uuble one another more 
closely than they resemble the first tAAU) members (^f the 
h''**<ip, Avhile the first Iavo members in each group also 
iTsi'iidile each other closidy. Tlie natural grouping 
according to the properties is into the sub-grou])s : 
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a 

Lit Ilium, 
Sodium, 


and 


Glucinum, 

]\ia^iiesium, 


and 


h 

rotassium, 

Lubidiiim, 

Oa'sium. 

Gak'iiim, 

Strontium, 

-Hariuin. 


The rolations botwecui the atoniit* wci^lits of tlio rlr*- 
monts of loimily TI, (irou]) A, aro siiiiihir to tiiosn of fla* 
eJoiJients of Joimily I, (ii-oii[) A. Tiiat of mayoiosiiiin, 
is nearly lialf tlio sum of tboso of glucinum, Il.Ob 
and calcium, 31). 70. W e li<‘ivo 

O.Ol 3!). TO 
24.38. 

jj 


So, also, that of strontium, SO.Do, is approximately half 
the sum of those of calcium, 33.70, and barium, 130.31) • 

33.70) 4 130.33 
= 88.07. 


In the calcium group tlio specific gravities increase in 
tlio order of the atomic weights : 



At. Wt. 

Sp. Or. 

Calcium, . . 

. . 33.70 

1.57 

Stia^ntiiim, . 

. . 80 33 

2.5 

llarium, . . 

. . 130.33 

3.75 


All tlio elements of the group are bivalent. The geiior;il 
formulas of the ])riiici[)al compounds are as follows ; 

AICl,, .^[(Ollh, M(X(bX, Ar,(PO,),, AlSiO,, <‘h*. 

The (4ilorid(^s, liydroxides, and nitrates are solulile in 
water. Tlie sulphates decrease in solubility as lli<‘ 
atomic weiglits increase, (llucinum sulphate, GISO^, iS 
solulile in its own weight of water; magnesium sulphatfs 
MgSO^, is soluble in about three tiim^s its widglit cf 
water; calcium sulphate, (vaSO^, dissrilves in 400 i)arls; 
strontium sulphate, BrSO„ in about 8000 parts ; ami 
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hiii iuin sulpliate, BaSO^ , iu about 400,000 parts of water. 
p,;ii iuin sulphate, as will ho soon, is [)ractieally insolul)le 
ill water. The noriual carbonates of all except ^liieiiium 
■ue insoluble iu water. The solubility of the hydroxides 
increases as the atomic wei^lit increases. Glucinum hy- 
droxide is insoluble; magnesium hydroxide is but 
sli'ditly soluble. One liundred parts of water at the 
ordinary temperature dissolve^ O.BIOH parts of calcium hy- 
droxide, 2 parts of strontium hydroxide, and 3.5 parts 
of barium hydroxide. The solubility of strontium and 
hurium hydroxides is, how ever, much increased at higher 
teinpiu'atures. 

a A L Cl iJM s UB- a n o m\ 

This sub-group, as has been statcal, consists of the 
tliriH; rery similar ehnnents, cahdum, strontium, iimi 
harium. Of tlu'se calcium oc.curs most al)undantly in 
nature. Barium and strontium frecpnmtly accoin])Mny 
each otlier, and l)oth are found in some ]ocaliti(‘S in com- 
|)any with calcium. Th(;y arc much h^ss abundant \\\ 
nature than calcium. 

Cat.cium, Ca (At. AVt. 30.73'. 

Occurrence. — (hilcium is found in nature iu enormous 
(piantities, chietiy in the form of the carbonate, (LaCO.^, 
as linu^stone, marble, and chalk. It also occurs in the form 
of the sulphate, (aiSO^, as gypsum ; of tlu^ phosphate, 
(a(LH)J,, as phos])horib^ and apatite; of the iluoride, 
( ah,., as lluor-spar. It is lound in solution in most 
natural wat('rs either as tin* carlnuiab^ or sulphate; and 
in the organs of plants and animals. Bones contain a 
laig(‘ pi'oportion of calcium phosphate ; egg-shells and 
coial contahi calcium carbonate. 

Preparation. — Llui chnueiit is made by d('com])osinjj( 
uioltc'u calcium chloi ide by nnnans of the ('lectric (*urrent ; 
!<ii(l by first making zinc-calcium and distilling otl the 
italic by heating to a high temperature in a crucible made 
of carbon from a gas-retort. The zinc-cah*ium is made 
hy molting together a mixture of calcium chh)ride, zinc. 
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and sodium. The sodium decomposes the chloride, an,] 
the reduced metal dissolves in or combines with the ;'iiie 
as soon as it is formed. 

Proporties.— It is a brass-yellow, lustrous imdal, w hidj 
in moist air becomes covered with a layer of liydioxide 
and carbonate. At ordinary temptu'atures it dc'coniposeH 
water just as potassium and sodium do, but lu'at is not 
evolved ra})idly enough to set tire to the h 3 (lr(.)ov,i 
Healed to a high temperature, it burns in tlie air, fonnin.r 
the oxide. It is not made in quantity, juid has foniul lu) 
practical application. 

Calcium Chloride, CaCl . - I'his salt is found in iiatuiv 
in combinaiion witli otIi(>r cldorid(‘s, particularly in tlit^ 
mineral tacli vdrite, wliiidi occms in the salt (hqiosits at 
Stassfurt, and lias tln‘ com])osition representc'd liy tlio 
fornbda (oiCi.,.i\rg(,'h |- I'lHj). It is also I’oinid in solu- 
tion in sea-water. It is obtained as a by-product in tin* 
preparation of ammonia from ammonium cldorido ;ui(l 
lime; in the pieparat ion <>t‘ potnssiniii chlorate from (al- 
cinni chlorate and potassium eh loimh* (s(M‘ p. 4‘d-l i; a ml in 
the aiiinionia-soda process. It is made by dissolvijii; 
calcium carbouat(.i iu li vdrocldoric acid, as i]i t]](' piepa- 
ratio]i of carbon dioxiche Ih-om • very eoijeejiiral(Ml 
solutions it crystallizes with six luoleerjhcs ol watm', 
CaCh AMnui tlies(‘ <u*vstals are exposed to the 

air tliey soori d(di(|uese(e \\ hen a solution of ealciiu'i 
chloride is esapoiated, and care is iaktm to keep the 
t(*inj)(n-atm'i', Ixdow 2(Kh, it soliditi<‘S, foriniug a ])oroiis 
mass whi(di has the (•om])osiiiou represeut(al by tin' toi- 
mula ( hiCh 2i r,(). This is much used iji laboi'atoi io:^ 
as a drying ag(Uit, as it absoi-bs watfU* with gianat eas('. b 
this salt is Innited al)o\(> 200' it los('S all its watm‘, and 
tin* dehydrat(‘d (ddoriih* Jindts, formiiig fused calcium 
iddoride, ddiis is also imndi used on account of its di.'- 
ijig power. (ias<*s are ])ass(Ml through tiihes tilled with 
granulated {*al(diim (diloride for the purpose of dryi'i,2 
them, and the salt is also j)la,ced in vessels in which it 
nec'essary that the air should he dry, as in l)alaii(‘e-case^, 
desi(a*ators, etc. The fused salt gcunually lias a slight 
alkaline reaction, wliich is caused by the jiresence ot a 
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small quantity of lime. This is formed by the action of 
steam at high temperature on the chloride, the reaction 
being represented by this ecpiation : 

CaCl, + H,0 CaO + 2HC1. 

This decomposition takes place only to a slight extent. 
Tlio porous chloride, which contains two molecules of 
water,' does not contain any hydroxide, and it is therefore 
liottcr ada])ted for use in cases in which it is necessary 
tliat it should not absorb carbon dioxide, as in the analysis 
of organic, compounds. 

Cah'ium chloride forms crystallized compounds Avith 
ammonia ami Avith alcohol, as well as with Avater. It is 
obvious from this that calcium (ddoride cannot be used 
for the pur|)(jse of drying ammonia gas. When the com- 
pounds Avith ammonia and Avith alcolnd are healed they 
bnmk down, yielding ammonia ami alcohol resp('ctively, 
as the com})ound Avith Avater giv(‘s up the lattei'. 

Calcium Fluoride, CaFj.- This compound occurs in 
laige (piantiti(‘s in nature as the minei'al tlnor-sj)ar. Tt 
oconrs 1)eautifully crystallized in cubes, ami is insoluble 
in wat(U’. It is the source^ (»f tbiorin(‘ compounds in gen- 
mnl, ami is used in imdallurgieal operations for the 
reason tlmt it melts la'adily ami do(‘s not act u[)on otlnu* 
substances easily. It theiad’oi’e simply servers as a liq- 
uid iiK'diuni in Avbicdi reactions take ])hice at high tem- 
tanatiires. A subslanc(‘ which acis in this way ami is 
Used for this purpose is called a //^/.r. ddie name huor- 
s)»ar lias its origin in this use of the substance. A 11 nx 
I'lays to some extent tlie same part at ehnattnl t(un])(U'a- 
tnro in facilitating reactions that Avater l)lays at ordinary 
temperatures. 

Calcium Oxide, CaO.- Tliis important eoniponml is 
<"mnn)nly (uilhal //b//c, or, to <listinguish it from the liy- 
(lro\i(l e or sliihnl Umr, it is called <j uicl'-U mv. Tt is made 
111 iaige (piantity lyy lu'ating calcium carbonate in ap- 
l"opii;ttely co]istrncted fnrmna's, knoAvn as linn'-kilns. 
1 ui(^ limo is ]ii;t(h? by dei'omposing some pure form of 
^"dciuin carbonaby as mar])le or calc-spar. The decom- 
position of calcium carl)onate is not com})lete in an at- 
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inosplioro of carhon dioxide, hence precan tions must l)o 
taken to remove the ^as formed by the decomposition 
Further, when lime is lieated to a temperature coiisidej, 
ai)ly liiglier than that necessury to eirect tlie lirst (hu-om 
position it a^aiii absorbs carbon dioxide. 

Lime is a white, amorjrlious, infusible substance. WIk^u 
honied in tin' tiame of the compound bIow-j)i])(‘ i< oivos 
an intense lii^ht, as any other iiit'usihlo snbst;inc(‘ woiiJ,[ 
do under tJie same (drcnnistances. Wlien ex])osed to tlie 
air it attracts /noisture and car])()n dioxide, and is (on- 
verted into tlie (*a,r])onat(u It must tlierefore be proteckd 
Iroui the air. Linn' wJjich has bt'en convertc'd iido tlm 
cai])omite by exposure' to tlu^ air is said to !)(' (fir-shilrd. 

Calcium Hydroxide, CaiOH),. — AVhen calcium oxides or 
({uick-lime is tre'ab'd with wab'r it be'coiiK's hot and errnn- 
bles to a tine poweler. TIk' substance wliiedi is forTiKMl 
in tliis operation is sonu'what soluble' in wate'i*, the solu- 
tion b('in<^^ known a.s linw-imfer. The cliemie-al chaiij^o 
which takes plae*e' whe]i lime' is tie'ateel with walen* luis 
heeni explaine'el. Tt ce)nsists in the ibrmatie)n of a- e-oin- 
[)e)unel e)f tlio formula ( ka(( known as slakeel liiiii'; 
aiiel the e)peratie)n is kne)wn as shdimf. The actio]] is of 
the same> kinel as that with whiedi we's have sei fre(plelltl^' 
had te) ele'al in the' ti'aiisteirmatie)!! e)f e)xiele's inte) the] e'oj- 
resijeuidinjj; liyelre)xide'S. Thus when ])otassinm e)xide is 
tre'ateel with wate'r it is chanj.^e'el te) the hyelre)xiele, wifJi 
a markeel eve)lutie)n e)f heat, the re'}ie*tie)n bein<^ re'pio- 
senteel in this way : 


K,0 + IT/) 


JvOH 
KOH • 


So, toe^, when sulphur ti ieixiele is l)rou^ht in contact with 
water it appears te) form the hydroxide, normal sulphmie 
acid : 


OH 

OH 

OH 


OH* 

OH 

OH 


S 


=0 

=0 + 3H,0 = sJ 
=o 
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Tlie action in tlie case of calcium oxide is represented in 
a similar way : 


Ca=0 + H,0 = Ca<[]2. 


Tlie hydroxide is a fine white powder. At red heat it 
loses Avater and is reconverted iiito the oxide : 


Ca<25 = Ca=0 + H,0. 


Wlieii liine-Avater is exposed to the air it becomes cov- 
ered witli a crust of calcimii carbonate, and finally all the 
culciiini is precipitated as calcium carbonate. A solution 
of cjilcium hydroxide affords a coiivcmicuit means of de- 
teciiiij^ the prtiseiice of carlxui dioxide^, as lias been shown 
ill (lealiiij^ Avith this gas. Tlie solution has an alkaline 
roaetion, and acts in many r(‘S|)ects like the hydroxides 
of })otassium and sodium. Attention has Ixhui called to 
the fact that the hydroxides of most of the metals are 
iiisolulde in Avater, and that when a soluble hydroxide is 
add(Ml to the salt of sucdi a metal the insoluble hydrox- 
ido is precipitated. The saim^ kind of decomposition of 
salts is elfected by a soluti<ui of calcium hydroxide. 
3dins, Avheii it is added to ferric chloride, ferric hydrox- 
ide is throAVU doAvn : 


Fe 


Fe 


01 

01 

01 

01 

01 

01 


Ca< 
+ 0a< 
0a< 


OH I 

: OH 

OH FeJ 

OH 

OH 1 

[ OH 

OH ” 1 

, OH 

OH Fe^ 

OH 

OH 1 

[ OH 


OaOl, 
+ OaOl, . 
OaCl, 


This reaction is entiiady analogous to that Avliich takes 
place betAveen ferric chloride and potassium hydroxide: 


( 01 KOH ( OH KOI 

Fed 01 + KOH Fe ^ OH + KCA . 
(01 KOH (oh KOI 
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Lime is oxtonsivelj used in tlie arts, general I \ iu (jj, 
form of the livdroxide. As we have seen, it is used jjj 
the preparation of ammonia and the eaustie alk;ili^,^ 
potassium and sodium hydroxides; and of 
powder and ]a)tassinm elilorate. Jt is fni’tlnn’ iisimI 
large (piantity in the })roeess ot tanning foi- |li,. pn,., 
])()se of removing tlie liair from liidt's ; in deconi p.isino 
fats f<n‘ the pnr[)ose of making stearin foi- candles 
for })nrifying gas; and especially in tin' p)repai‘a(ioiM,f 
mortar. 

Bleaching-powder. — Tlie preparation of hk‘acliiiig-|H.\\- 
der Avas leferred to under Cliloriiu^ (wliieh s('<'). 'I’ho 
main reaelion involved is tliat re])resented in tin' e(jiia- 
tion 


2Ca(0H\ -f- 4C1 = Ca(CI()h | Cii(\ + 2Tr,(). 

lilracliiiiK ixtwdpr 


The compound is eommoidy calked “ ckloride of liiiio.” 
Assuming that the reaction takers ])lace in the same way 
as that of chlorine on caustic ])otash, th(‘ ])roduct is a 
mixture of calcium hvjxxddorite, (ki((dl())., and calcium 
chlorid(‘, for it is hehl tliat tliiA vi'action with potassium 
hydroxide takes place as repri^sentiul in this ecjuatioii : 

2K0II d- 2Cd == K(d() + KOI ir,0. 

An ohjection to the view that calcium chloride is ])ics- 
ent as siudi in hhuiching-powder is found in tln‘ fact Hmt 
the suhstanciA is not deliipu'scmit, as it should Ix^ if cal- 
cium (ddoride w(*re prissmit. This has Iml to the sug- 
gestion that l)lea(diing-powdei“ iu tln^ dry foimi is iiei ;i 
mixture of two compounds, as represented ahovi', hut 

that it is rather oiui compound of the formula Ca j ^ 

or CaOCl,^. A compfiund of this formula would ])laiiil} 
have the same composition as a mixture cif calcium hv- 
poclilorite and calcium chloride in the 2)roportion ol 
their molecular wau’ghts. For wo have 
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Ca(ClO), + OaOl, ^ 2Ca001,. 

j j](^ |)()iiit is a (litHcvilt ouo to docide, but at present the 
PviiUMice a})pears .to be ratlier in favor of the view that 
l)],>n( liiii;j!:-powder in the dry form is a. single coniponnd 
of the eonstitution r(‘])res(‘nt<‘d ]>y th(‘ last formula 
oivcii. When treated ^viih wat(‘r, how(n(‘r, it ap])eMrs to 
1)0 vi'solved into ji mixture of llie hvjxx'hlorib; and ehlo- 

l)l(‘:iehin^-})<nvd(M’ is a whit(^ powder which has the 
ndor of hypocliloroiis acid. It is soluble in about 
twciiiv parts of watm-, thont^h tl‘<' eomimucial ])roduct 
;il\va\s h'a-Vi'S a slight residu(% which consists mainly of 
oalciain liydro\id(‘. \\ hen tia^ab'd with an acid, as snl- 
jihuric or hydrochloric acid, it givi^s nj) all its chlorine. 
Tims, witli hydrochloric acid I In* r(‘action tak(‘S place 
as i('pia'S(mt('d in th('s<‘ ('(jna.ti«ms ; 

(hiUTOl [-2H(d (hi(T. 1 2rTCl(); 

21i(T 1 2H(T()- 2H,() |- 2C1,. 

With snlpluiric acid tin' action also jn'obably takes ])lace 
ill two stag«'S. TTie aci<l acts n])on the hypochlorite, 
s('tling hypochlorons acid Iree ; and npon the cdiloiide, 
sitting h vdrocldoi'ic acid fr<‘e. Tdit^ hydrochloric and 
liy pocldorons acids tluni nnict with micli otlnu’ as repre- 
sented aboye ; 

Ca((d()), f H,S( ). CaSO, I 211010 ; 

OaOl, -1 H.SO, ^ (TiSO, I 2HC1; 

21101 4 211010 211,0 + 201,. 

A\ Tnm exposed to the action of carbon dioxide hypo- 
elih irons acid is liber.ited. Hence, when it is allow’ctl to 
lii' in the air this decom]>osition takes phac(‘. sloAvly. 
li.\ pocTdorous acid acts further upon the calcium chlo- 
dile, liberating chlorine : 

(kiOl, + 2H0C1 + CO, r- CaCO, + 11,0 + 201,. 

It may be, hoAvever, that the action takes place betAveen 
eaibon dioxide and the compound CaOCl,, thus : 

CaOCl, + CO, ^ CaCO, + Cl,. 
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In iiiiy case, the fact remains tliat carbon dioxide se ts 
the chloriiK' fi’ee from bleacliin^-powder. 

A soliitioii of bleachinp^-powder alone is not ca|);il)](i 
of blc'acJiiii';' (‘xce[)t very slowly, ff, liowover, someiliinn 
is ;uld(Ml which has the pow(‘r to ([('compose it, bh'acli- 
iiii;- takes [)lac(‘, llu' ai'lion Ix'iug due to the pi’eseiicc of 
In [)ocliloi‘ons acid and chlorine. As is clear from u]!;it 
was said abovi', th(' ])assaL;(^ of carbon dioxide thioich 
tlu' solution or tlu' addition ot* .-in acid would cause' it (o 
bh'ach. So, too, c('rtain salts prodma* a. similar ('n'cet. 
'Hie ('xplanalion of this is tlu' instability of the Injio- 
chloriti'S tornnal by tie* salts addl'd. \\ Ik'Ii a coiice'u- 
tiati'd solution of bk'acldiiL^-powdi'r is h('at(*d it L;iv('s oil 
oxy^'i'ii, and the salt is coiivi'i’li'd into the chloihh'. In 
dilute solution, howi'vi'r, tin; liypocldoi'iti' is convertril 
into (diloi’ati* and chloi'idi* : 

3Ca(01( )l (diiCU ),), f- 2Ca(d,. 

This fact is talo'ii advantaui' of, as has Imm'u show n, for 
th(‘ {)urpose of makiuL:; calcium cliloi'ate', and from tliis 
])otassium chlorat«' (s('(' ]>. Idl). In contact w itli c('it;iiii 
oxidi's, as ('o))p('r o\id(', lerric oxide', ami witli li\'(lro\i(No, 
as (‘obnlt and nickel liyd la exidi'S, a solution of ble'aciiiin:- 
powd('r la'adily oi\(^s u[) oxyo;('n w lien In'ati'd. 

Tlie child* ap[)licatioii of hh'achin^’-powdi'r is, as its 
name implii'S, for lih'aidiin^n It is also used as a ili^in- 
foctant, and as an anfis(*ptic, that is, foi- the ])urposo ot 
desti'oN inu* disi'asi^ onnaris, and of jii'eventinj^^ decom pO'Si- 
tion of organic substances. 

Calcium Carbonate, CaCOiu—'idiis salt occurs in im- 
mensi' ( pia ntities in nature in the wi'd-known forms limo- 
stoiK', calc-spai’, marble, and idialk. The Yaiict\ ol 
calc-spar found in Tcehind, and knowui as Iceland sj at', 
is particular! V pure calcium carbonatm It crysfalli/' s 
in a nnmbi'r of dillej-i'nt forms, tlu' most common b('m;4 
in rhombohedrons, as semi in ordinary calc-spar. 
s('('ond varii'ty of crystalli/<ul (Uilcium carbonate is cm- 
(jonife. This is found in nature crystallized in rliomhio 
prisms, and in forms di'i-ivi'd from tlds. When hi'.di <1 
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jirn^oiiito falls to pieces, tlio t)articles being small eryS' 
t;ils of tlie foi’ni eliaracteristic of calc-spar. Tliis is a 
of (limor])]iism similar to that ]) resented bv sul- 
j)]uir, whicli, it ^vill be rememb(‘r(Ml, crystallizes in two 
forms, ilie rhombic and Jiiojiocliidc, iln* latter of wlilcdi 
|);iss(‘S into th(‘ forimn* s])oidan(‘ons] v. ^I’hese forms are 
jirodiuaal artificially very ri'adily. Wlnni calcium car- 
l)()iialc is precipitated from a solution of a calcium salt 
h\ adding a solubh*. ca,rbomit(^ at ordinarv t{unp(Uatur(‘S 
the |)r('ci[)itat(‘ is ma.d(‘ n]) of micros(‘opi(‘ cr\'slals whitdi 
IIh; saiiK' form as calc-spar. If, howrocr, the solu- 
tion from which tlu^ (*arbonat(‘ is ]u-(‘cipilat(‘d is hot, the 
^;dt c(»nsistsot microscopic ci’ystals oi IIk* form of ara- 
OMllitc. 

d li(‘ most ad)nndant foi'm of calcium carbonat<‘ is linu'- 
st()in‘, of whi(di many great mountain-rang(‘s are larg(dy 
iiiadt' up. This is a. compact f umi of tin' compound, 
wldcli has a gu'av color, and fiaapnndl v consists (d' mi- 
nute crystals. It is always inoin* or h'ss impure, contain- 
ing (day and otlnn* substama's. lamestom* wliiidi is 
iid\('d with a consid(‘rabh' proportion of (dav is callml 
iiifn'l. Many natural wat(ns contain calcium caid)onat(' 
ill solution - pi’obaldy in tin* form of tin* acid carhonate. 
\\ li(*ii smdi a wat('i’ eva|)orates tin* cai l)onat(' is again 
dep(-sited. It liap])ens in soim* jdaci'S that a yvatt'i’ 
(diarged w ith the carlx »nat(' works its way slowly thiongdi 
tin* ('ai tli and drops from tin* top of a cave. I ndei’ tln si* 
'■ii'ciimstaina's tlu'ia* is a gradual deposit (d’ tin* salt 
vliieh lemains sus[>ended. Such hanging formations of 
tile cai-l)onat(* ar(' kiioyvn a.s shthn'f iC’s. At the saim* 
liuK* that ])art of tin* li(pud which falls to tin* Ixdtom ((f 
di'‘ cav(* forms a ]»ro)(‘cting mass lu'low' tin* stalactiti*. 
Slieh pro)(‘ctijig masses arc* calh'd s(<fl(f(jtin'f(‘s, ^l ln* foi’- 
’iiatinn of stahictit('s takes place in much tlm same Ay ay as 
liiat of icich*s. 

Much of the ('al(*ium (‘arbonah* found in nature has its 
<'i igni iu the remains of aniimds, and fossils aie very 
■dniinlant iu it. CfiaJk cimsisis rdmost (*xclusively of the 
11s of ndcrosco])ie, aipmals. 

When carl)()ii dioxide is passed into a solution of cal- 
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cium liydvoxido, tlio c-.-irlxmato is proci])itjit(‘d ; an.], if ly 
currant of gas is coutininxl long enough, tln^ eai 
is redissolved. It app(nirs, tli(‘refor<% tliat enleiiim ,ai- 
bonate is soluble in wab'r that contains carl)OTiic :u-u] 
It is j)robable that tlu‘ caus(‘ ot this is to bi' foiin.l in 
formation of an acid cai-bonat(‘, jjossibly dn^ oii.- <,[' |],,^ 
formula 1 lO ()( l-( M a ()(*() O H. No pnsiliv.^ . u- 
(hmc.' of tin" formation of this substanci^ iias, 
he'll fiirnisln'd. If it is foi-ni<‘d, it is (‘oilainly v. i \ un- 
stable ; for, on innating tin* solution to boiling, the imi iii,|] 
carbonatr' is prm'ipitated and caa rbon dioxide is given .iH', 
Xatural A\aters which <-ome in contacd ^\ilh liiiK stnnn 
graduallv t.“.ke up iiiori' or h'ss <h' the carlxuiati', ^\ilh tlie 
aid of till" laarbon dioxiile of tin' air, and when suelj ;i 
watiu- is lioih'd, tin' carlxuiate is tin-own <lown. A wah'i; 
containing caJeium earbe)nat(' in solution is cailli'd a. Itord 
(ndrr: and,astliis kind of ha rd ness is I'asil v i-eniow'd b\' 
boiling, it is calh'd /rmfufm rf/ hm’ihii’ss in oj-der lo dis- 
tinguish it from a kind w liicdi is not ri'iiioW'd b\' boiling, 
aJid is therefor;' called pmiunn'iil hardiH^ss. ^rempor;ii v 
InirdiK'ss is fiirtln'r removed b\ adding linn' to tin' water, 
when normal cai-bonate is fornn'd, w hiclj is at oina' j.iv- 
cipitab'd. 

ddie decomposition of (*alcium caibonati^ by Ins'it, l.'ad- 
ing to the lorniation ot linn;, or calcium oxiih;, and carlxni 
dioxi.h', was refi'i red to on p. IbS. 

Applications.— ( k'llciuni carbonate is used, in tin' arts, 
for a great manv [nirpos.'s, as in the manufacture of glass; 
as a, Ilux (s(‘i; ]>. hill ) in many impoi‘tant melallurgieal 
operations, as in the I'i'duction of iron from its ores; in 
tin' jU'i'imration of linii'. for morta r ; ('te. As is wadi known, 
further, niai'bh; and some of tin; varietic's of limesloin 
are extensivi'ly used in building; and large, cpiantitii's el 
chalk an; also used. 

Calcium Sulphate, CaSO,.— This compound is vc'iy 
abundant in natuian ddio jiriiicipal natural variety is 
(jypsum, wliiidi occurs in (;rystals coutabiiug twa) nioh - 
cules of watm;, CaSO^ 4' This is perlia])S derived 

directly from the normal acid 8(011)^, having the con 
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represented by the formulji (HO),S <Q>On. 

TIk' salt of the formula Ca80, also oecurs in nature, and 
is called anlnjdrite. A ‘granular form of gypsuui is called 
oldhasfi-r. (lalcium sulpliate is dilliciiltl}' soluble in liot 
cold water, but its soliddlity is mai*kedly increased 
Itv (lie presence of ceidain otluu' sails ; as, foi- (‘xain{)le, 
sodiiiiii cliloi’idca It is com|)arati\ (dy (aasily soluble in 
livdroeldoric acid ami iii uiti ie acid. WIkoj lioated to 
]()()', oi‘ a. little above, it los(as nearly all its wabu" aJid 
Ibriiis a powdfM* knowJi a.s pla.sh r o/ Pans^ which lias the 
])(i\vci' of taking U}) watiu- aaid forming a solid substance. 
'L'iiis pi'ocess of soliditieation is known as “setting." 
riastm; of Ihiris is vmy largely used in making casts, on 
account of its ju>\ver to hardem aflto’ liaving Ixam mad*/ 
into a^ })a,st(i with water, ddie Ino’dinniig is a chc'ndcal 
process, and is caus('d by the cojnbinal ion of water with 
the salt to form the cryslalli/aul variedy: 

OuSO. r- (II()i,S<|h>C;u 

W Ill'll heated to 200'^, and abovi*, all tln^ water is gi\(m olf 
ffoiii gy[)snni, and the [ii'odnct now combines witli waiter 
only vi'i’v slow ly, and is of no value for making casts. ]n 
gt iieral, the highi'r t he tc'inja'i-atun^ to which thi^ gypsum 
is heated, tln^ gi’i'ater the dilheulty witli which the pro- 
•hil l coinbim'S w ith Avatc'i’. 

Many natural waters contain gyjisuin in solution. Such 
ivaleis act in some respmds liki* lliosi' w hich contain (\al- 
^•niiii carbonab'. A\ ith soa[), for exaniph', thi'A’ form in- 
■seliihh' com])ounds. They are called liard waters, 
lliis kind of hardness is not renioveil by boiling, and 
^t IS tln'refore calhal pcnnumntt Juirduess. Magnesium 
sulpliate acts in the sanu^ ^vay, producing permanent 
liaidiK'ss. 

him calcium sulphate is irixab'd wdth a solution of a 
^nliihle (‘arbonate, it is deconijiosed, forming the carbon- 
ide as represented in the eipiation 

CaSO, + Na,C03 Na^SO, + CaCO,. 
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Tills cliaiigo is e/lV'cted siinplj' by allowing tlin two 
stand in (Contact at the ordinary temperature. 

Besides heiu^i^ used for niakin^^ easts, ealeined ^^ypsum 
is used also in sm-'^erv for inakin^^ plaster-of-Pai is haiid- 
ages, and as a fcntilizc'r. Its ai'tion as a hntili/er is 1)(>- 
lioved by some to be due to tlie fact that it lias tlu', ])()\v( i' 
to hold ammonia and ammonium (*a.rl)onafe in eomhina- 
tion, and thus to make them availal)hi for the ])laiits. H 
lias rmamtly bemi sliown that it in sonn^ '\\a,y faeili(ai( s 
the ])roeess of nitrilieation, and |)(n liaps it is in eoii,s('- 
<pienee of this tliat it faeilitati^s ])]ant-!j;ro\vth. 

Calcium Phosi^hates.-— Thma^ are thrm'. ] du)S])hat('s ol' 
ealeinm : ( 1 ) ddn^ nonnel ( ai,,(P( ; I'J) IIk' 

seconds nj phospjKifv, CalilH)^ ; and (e) the prinKt rp p/os- 
phiitc, (aiH 

(I ) Norned ( idclnin j>JiospJi(tf(\ (\a,,(P()^)._., is (h'l’ived fiuia 
])hosplioiii! ai'id by the ri'placimnmt of all thi^ hyd o 
by ealeinm. It is found in iialuri' in Lu’^e (pianl i( v as 
phosp/iordc, and in eomliination with ealeinm lluoridi' or 
<‘hh)i‘id(i as ((p(dlf(\ It is, fnrtln'r, the child’ iiioryaiiic 
constitin.mt of liones, formiin^ So p(n* emit of lioiu'-asli, 
find is ('ontainml in the (*xei-miimit of animals, as in j^iiaiio, 
etc. It is found evm-ywhm-e in the soil, and is taken up 
by the plants for wliosi* devidopmmit it is I'ssential. 1 li;it 
it is also ess(‘ntial to the life of animals is obvious from 
tile faid lliat the boiK'S consist so lai‘j_;(d\' oi it. 4 lie 
pliosjdiate nemled fe)r the buihlinp;’ up of bones is taken 
i iito t h(‘ SN stmn with tin* food. hroni tlu'si* statenieii(>, 
it is clear that ealeiuni phosphate* is of lundanieiil.ii 
im [tort a nee, a lid (hat a It-rtih* soil must (‘iiln'r 
tliis salt or sonn'lhin;^' from w hiidi it can bi^ loi ineii. 
Now, whmi a ei'op is raised on a y,i\en ai'ea, a. ceilnm 
amount of tin* ])hospha(e contained in it is withd ro^ “■ 
If the ])lants wi'n^ allowed to di'cay wIk'Ii* tlno j^row, Ik* 
ph osphate would be retuim(*d ainl the soil would eonlimie 
fmtile; luit in eultivat(‘d lands this is not tin* east*. Ik*' 
ero})s are remove*!], and with th(*m the calcium pk**^ 
|)hates contained in them, and tlu^ soil therefore bi‘e"iiit ^ 
exhausted. If the substa,ne(*s r(*moved ani used as !'»*’*k 
some of the phosphate is found in the excrement (*i 
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luiiiiials; and, if this exi-iuaiiojit is put on the soil, it is 
reiulered fertile. Tlap-e are, however, other s(mrc‘es 
of calciiiin pliosphate, and some of th(;s(‘ are utilized ex- 
ti'iisively iu the preparation of artitieial IVetilizers. The 
iiainral form of the i)hosphate, as that iu hoiie-ash, iu 
] »]i( )sp]ioi ite, and in puano, is maiidy tin' normal or mui- 
(r;il j)lios[)hate. This is ins(.)lul)h‘ in watcu’, and is ther< 3 - 
foie tahcm u]) by tho plants with dinimdty. To mahn it 
(luickly a,vailal)l(', it must !)(> conNauted into a solnhh' 
pliosphate. This is done by tnaating it with 'Snlphniie 
acid in ordm* to etleet the reaction represented in this 
C(piati< > 11 : 

SO, - ('all,( bOp., I 2(’aS(),. 

Tli(‘ ]n'imary phosplialc^ thus I'orimal is soliibh' u\ water, 
and is of ^lanat \abi(^ as a J<‘rti li/m', mixtnia' of tlie 

s()lnhl(‘ phosphate' and of calcimn sniphab' is known as 
“ su])m‘j)hosphat(c of lime'.” Tdie^ sulphate', as we' have 
si'cii, is alse) e)f value as a tertili/e'i'. Tliec value' of snpe'r- 
pliosphate's eh'jie'iids eneistly upon the' ainonnt eif seelnbh' 
phosphate', coiitaine'el in tlie'in ; ami in ele'idiii^ willi tlie'ui 
it is e'listemiary tee state' he)w miiedi “sobibh' ” anil how 
Iiiii'di “insolubh' phe)sphe)rie' ae*id” the'v e-ontain. Whe'n 

>^11 pei'phosphate' is allowi'd to staiiel feer a; time, senne' e>f 
the soluble' jii'imary plosphati' is e*emve'rti'd into insol- 
id)](' ])hosphate'S by eaeiitae-t with basie* hyelre ixieli'S and 
\\at('f. 1 his is know n as the' preecess of “ revei sion,” 

and that ]nirt of the phe>sphe)ric ae*id whie'h is contained 
j'l till'. inse)bd)le\ phe)sphate' is s[)oke'n eef as “ le'vortcd 
I’hosphoric aciel.” 

N'li iiial e*aJe-inm phostihate', as has Ik'i'ii stateel, is in- 
'^"hihh' in wade']’, aiiel is torme'd when a, se)lubh' ne)i'mal 
I’iinsphate^ is aelded to a, sedntiem of a calcium salt. Tt is 
torimnl when di-se)elinm plie)sphate and amme^niaare 
^dih'd te) a se)lntie)n of a e'alcium salt, thus : 


_j_ acjitd, -f ('nnlbOp, -f 4 Nari -f 2Nir4Cl. 

Ih so(|in2n phos])hate ale)ne at first ])roduees a ]U’eci))itate 
h t he' iiorinal ])he)sphate, while the primary pheesjihate 
'h li m formed at the same] time remains in solutie^n. 
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The reaction takes place thus : 

4HNa,J\), + TCaCl, ^ Ca,hr,( IT),), + Ca3(P0,), + 8NaCl 

On standing, tlie ludniarv acts upon the tertiary halt, 
forming the secondary j[dn)sphate tliiis : 

(\ill.(lT).h + THCaPO,. 

lint ev(m on long standing this reacti<ni is not coinpli tp, 
Noi inal or tcrliarv cnlcimn phos[)]mte is soluhh' in hy- 
drochlorh* acid and in idtric acid, in conscapKnicc of (hn 
forinalion of (‘atcinni cldoimh', or Jjitrat(% and tlic griinai v 
p]iospli;it(‘. Tf ammonia is a<ldcd to this solution, tlu* 
ttn ti.irv j>hos|diat(.‘ is again pr(‘('ipitat(‘d, as re'pif'sriifnl 
below : 

(hgIT),), + 411(1 T.’ad, Ud a(hO.), ; 

2(\a('l,+ lld’a( h<h). l-TNir, ^ (Ilj IDJ, [- -1X11/1 

(2) S('C(ju(l(t nj C((1('unn p]n>sp]i(itt\ (\-l 11P(),, is formed, 
HS a])ove dcscrilxMl, wlnm a solution of a calcium salt 
is tr(‘at(‘d with sia-oiidary Sixlium phosphate. 

(d) FriiiKn'f/ mu ' p1n»^pli(ti(\ TTd 'a(P()d.,i coiii- 

moidy called tlie acid ])hos])hat(‘ of calcium, it is foriiKMl 
when oi’dinary insoluhh' calcium j)hos])ha,te is treated 
w'itli concentrat(‘d sul[dniiic acid, and is contaiiuMl in tlie 
so-calle<l super])hos]diatcs. It is also foiamal l)y tieat- 
ing the neuti’al ])hos])hat<‘ with ])lioS|)horic acid and with 
hydrochloric, acid. When treatcil with hut little water, it 
is conyerted into the secondai’y salt and fi'c'O acid: 

Hdhi(P(),X ^-H(hiPO. + TT,PO,. 

Calcium Silicate, CaSiO:,, occurs in nature as the mineral 
wollastonihg and, in comhinatiou with other silicates, iii 
a large number of minerals, as garmd,, mica, the >:('olites, 
etc. It is formed wdien a solutioii of sodium silicah 
added to a solution of calcium chloride, and w In n a 
mixture of calcium carlioiiate and (piartz is heated (<* a 
high teinperature. 

Glass.— Ordinary glass is a silicate of calcium and 
sodium made by melting together sand (silicon dioxi'le, 
SiO,) with lime and sodium carbonate or soda, be 
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of cjilcium carbonate, l(!ml oxide may ])e used; and 
instead of sodium carbonate, potassium car])ouate. The 
pi()|)( riies of tli(3 glass are dependent upon tlie materials 
list'd ill its manufacture. 

OnfiiKtrif icimh)in (jht.s.s is a sodium-calcium glass. 
Tlic [uirer the i-alciiim carbonate and silica, the better 
tli(‘ ([iialitv of tlie glass. This glass is coniparativid v 
(';isilv acti'd u])on liy chemical sulistaiici's, and is tlu're- 
1'(U(‘ not adapted to the ])reparati(m (d vessi'ls whiidi are 
to he used to hold acids and other cheiiiicadlv active 
siihstaiices. It answers, how('\ (‘r, very wi'll for windows. 
TIh' (1 illert'nct' b('tw(n*n oi'dinaiy window glass and platt* 
gl.iss is (‘sstnitial ly that tin' tonner is blown and then 
( lit into pit'ces, whih' tin' latti'r, wln'ii in tin' molten con- 
dition, is run into Hat moulds an<l tim e allowaal to soli(lif\ . 

lioliruiitfii <fJ<(ss is made with potassium cairbonatc'. If 
]mr(' (‘arbonati' isiised, as well as [)ur<* calcium carbonate 
am I silica, a, V('ry In'autifnl glass is tin' I’esult. Jt is 
<'liaracteriz('(l by gri'at hardni'ss, liy its dillicult fusihilitv, 
and hy its ri'sistaiK'e to tin* action of (diemit*al substanci's. 
It is ])articularly wadi ada|d('d to the manufacture of 
V('ss('ls and tubes lor use' in (dn'inii'al laboratories. 

Lhnf~(//nss is made' by nu'lting togethi'r h\‘id oxide, 
potassium carbonate, and silicon <lio\i(h'. It is (diarac- 
tcii/(al by its power to la'fract light, its high spi'citic 
gfavity, its low' nn'lting-point, ami the east' with whiidi 
d is acti'd n|)on by reagents. Owing to its liigh refrai*- 
tne ])ow('r, it is largely usi'd in tlu' manufacture of lenses 
let' optical instruments. 

S/nts.s is a vaiaety of lead-glass w hich is particularlv 
dell ill lead. Its refracting power is so great that it is 
!*• ‘‘d in the manufacture of artilicial gems. 

t olors are givi'ii to glass by putting in the fused mass 
^’'*■>11 ipiantities of various substances. Thus, a cobalt 
<oiii])oiind makes glass blue; copper and chromium make 
d igcen ; one of the oxides of co])per makes it red ; ura- 
iiiiini gives it a yellow^ (‘olor ; etc. The most common 
^-ii ieiy of gkiss is that used in the manufacture of ordi- 
" " y bottles. It is generally green to black, and some- 
diiK s browm. In its manufacture, imjiure materials are 
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used, eliieHy ordinary sand, liuiestoiK^, sodiiiui siilphat(. 
coiiimoji salt, (*lav, ete. 

Wlieii p,Iass is suddenly eooled, it is very brittle* aud 
breaks into small wlnui seratelied or slij^litlv 

broken in any way. This is shown l)v the so-enlhd 
Priiiee liu[)(‘rt's drops, whieh are made by dreeppiu^r 
2 ^dass, in tin* molteui eondition, into wate'r. When the* (‘lul 
of su(‘li a dro^) is brokeuj ofV, tin* endin', mass is eompli'lidy 
shatte're'el iido iiniinte ^uen-e'S. It is eh'ai' fi'e)m this (liat^ 
in tlie mannlaedni'e' e)f j^Iass e)bje‘ets, care' must ])(' taki ii 
ne)t te) ee)e)l them’ sneleh'n I y. In fact tlie'y are coe)h'el vciy 
sle)wly, the' pian-e'ss Ixnii^- known as aniiealiruj. b\)r tins 
pnr2)e)se tlie'v are' [elaee'el in Inriiaces tlie temperature' of 
^yhieh is l.)nt little' be‘le)W' tliat e>f fnsieen, and tlie'\' are* 
kept tlie'ie' tor se)me' time*,- the' heat be'iiijji; i;i’ae] iia 11 \ 
le>we'i’f'el. If re'el-liot plass is iidre )elne'e'el iide) he'ate-el oil 
or parailin, anel allowed to (‘ool very slowly, it is foniiel 
to ])e extrejnedv haial and elastie*. The ^^k-iss e)f Do 
la Dastie* is maeh* in this way. \'e*sse']s niaele' e)f it ran 
l)e' t.hi'eewii abeeiit n|a)n hard ohje'ets withe)nt bre'aldii^, 
but seeiiiedimens a. sliyht seraie'li will cause'/ (lie |^lass toilv 
in pien'iis as ihe^ Ikiipen-l/s eliops eh). 

Mortar. — iMe)rtar is maeie* e»f slake'el lime'/ anel sand. 
A\ lie*!! this juixtiiie*. is e*\pe)sod to the* air, c*ahhnm (*aiht»- 
iiate is slowly lornied and the Jiiass b(‘ce>nies extrejiie ly 
liard. The', w'ate*r e*e»ntaim*el in the* nieaitar se)e)n jeasse's 
f)tb but ne'Ve'rt he*le“ss fre'shl y plaste*re*el re)e)ms re'iiiaiii 
meaist lor a e‘e)nsieh*i‘able‘ time*, ddds is elne* te) the' la' t 
that a reaetieni is ceeiistantly taking* [)lae*e ])e'tw'ee*n tla* 
e*/arl)on elie>xide anel e*ab-inm h yeli‘e)\ iele* by W'hich cah'unii 
carbeeiiate anel wate'r are* forjne*e1, 

Ca(041j, p CO^ (ktCO^ f 11,0, 

ami it is t]u3 wate'r tlins libe*i\M.te'el whie*h kee])S IIh* ;iir 
moist. The) ceample^te) ceenye'rsieen of the) lime into cai- 
be)nate ren^nires a ye'ry lonj^ tinie, beie*anse the carbe)natt* 
which is fearmeel on the surface ])re)tects, to sonic exte idi 
the lime in the interior. 

It is generally regarded as unhealthy to live in reanns 
w ith freshly 2)lastered walls, liecause the air is const-intly 
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moist in consoquoium of tlio reaction above iiieii- 
tioiied. It is, liowever, diiHcult to S(‘e wliy th(‘. presence 
of a little extra nioistuixi in tlie air should Ix' iiiihea.lthv ; 
and, if there is .-iny da,!ige]' from fleshly plastered walls, 
it se('ms probalile that the cause must ])(‘ sought for (ds(‘- 
Avlu'ie. it is possible that th(‘ constant presence of 
moisture in tin? pores of the wall interferes with the im- 
portant ])rocess of dillusion, and that tlnu’efore wlnni tln^ 
room is closed this natural method of vauitilation cannot 
coiiK' into play. 

A\'hen lime-stones which mnitain nnignesium carbonati^ 
and aluminium silicat(‘ in consideralih*- (piantities are 
li(\it('d lor the pix'paralion of lime, the jiroduct does 
net act with watm* as calcium oxide does, and this lime 
is not ada[)t(‘d to tln^. piaqia ration of ordinary mortar. 
On tli(‘ other hand, it gradually luH'oim's solid, in con- 
tact with wat(M’, for rcnasons whicdi are Jiot known. Such 
substances are known as (nnvitis^ or hydraulic, ccmoifs. 
Other c(‘.immts besides thos(; made in th(‘ manner juen- 
tioiK'd are known. 

Calcium Sulphide, CaS, is forniml by heating cahdnm 
snlpliate with cha,r(‘oal. It is i-mnarkable on account 
<'i tli(‘ tact that it is ]>hos])h()r(‘sc(‘nt. After having 
Ixuni (‘X])()s('d to sun-light, it conlinm'S to giv('. light for 
^'UiK' time aft(‘rwa,rd. This and the similar compound, 
hariiiin suljildih', ari^ now usiul (piite (‘xtensively in the 
preparation of luminous objects, such as match-boxes, 
t‘l()(dv-faces, [ilates for Irousi'-numluu's, (dc. 

Calcium Nitride, Ca;,N.i, a brown mass, is forimul by 
healing jo e() (‘(‘iit amalgam of cahdum in dry 

;daii()sphere to dull redm'ss. It is sonuMvhat volatile, 
:i'id is decom])os(ul by watei’, with the formation of cal- 
riiim hydr(»xid(‘ and ammonia. 

Calcium Carbide, CuCa, is formed by heating linu^ and 
earbon together in an eh'ctric furnace, when the, laaac- 
linn re,j)resent(Ml by the following ('quation takes p)lace : 

CaO + dO :=r C/hi -f CO. 

ft is inanufactuj'cd on tliC! large scale, the form of 
rai])()ji used bidng cokiu ddn^ carbide forms a crystal- 
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line mass. That of avt'ra^e quality has a rotldish color. 
That of had (jiiality has a ^o-ayish or l)]ac]v color. 
Wlioii pnii^ it is colorless. When treated witli wahn- it 
yields ac(dvhnie, , a t^as that is cominj^- into ])r:i(‘ti. 

cal use on account of its value for purposes of illuiniua 
tioii (see Acetylene, p. 871). 

Stik^ntii M, Sr (At. Wt. 8().95). 

Occurrence and Preparation. — Strontium occurs in 
nature in the form of the sul]»iiate, SrSO,, as c(d('slitr, 
and in the form of the cai’honatc', SrCO^, as sti'ontiaiiitc. 
The lattm* is found in la r<j^<‘ qmintitic's in West pli;ili;i. 
ddie elenumt is isolahal by tln‘ action of an electric cur- 
rent on the molten chloride. 

Properties. — It is very similar to calcium, havin.^ a 
nndallic lustre and a l)]*ass-y«dlo\v color. It is oxidized 
by contact with tlie air, and deconq)oses water lupidlv 
with evolution of hydro^am, whi(di does not, howa'ver, 
take tirci spontam'ously. 

Compounds of Strontium.- The compounds of stron- 
tium ale V('ry similar to tliosi' of calcium. Its rlilornlr 
has not th(‘ same attraction tor wat(‘r that calcium clilo- 
ri(h^ has, though it (hdic j mesces wlnm h*ft in contact with 
tin* air. I’he o.rii/c is not misilv nnuh^ bv decomposition 
of the carbonati* by Inuat, as tlu' carbonate^ is much iiioie 
stabh; than that of (*alcium. It is, how('V(*r, ])rcpati'd 
without ditii(‘ulty by luuatin^' the nitrate'. W hen bioiiyld 
in contact with waici*, tlu' o\id(‘ forms tlu' ////f/ro,/ /(A, 
wliich is analogous to calcium h\(lroxi<h'. Jt is iiioie 
easily soluble in watc'r than tlie latter. 

Sfrniififnn nltrufc^ Sid N( is inach' in c(msidci'a hlc 
(juantity for the. purjM)S(‘ of pr('])ai‘in^ a mixtuia^ w lii< h, 
w lien buriK'd, ^^i ves a r«‘d li^ht (n'd-tiia*, Ih'ii^^al-lirt' i. b 
is easily nnuh^ by dissolving' strontianiti^ or strojituiai 
carbonate in nitric a('i<l. 

.so//yV/u/c, SrS< ),, occurs in nature in bcanti' 
fnl ci-ystals as tlie mineral cedestib^. It is fornu'd w la n 
solubh' sulphates is added to a solution of a stroiili'"" 
salt. In solubility it lies betwi'en (%*ilcium suljdiatc .md 
barium sulphate. 
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Barium, Bn. (At. Wt. 136.39). 

Occurrence and Preparation.— Bnriiiiii occurs I’li nature 
ill (lie same forms of combination as strontium, viz., as 
till' ca.rl)oi’iatc, Ba(H).j, in Avitlimite ; and as tin" sul])liat(‘, 
r,;iS()„, in barite or lieavy spar. It is pr(^[)arcd by elec- 
tiolvsis of tlie molten cliloride. 

Properties. — It closely rescmibles calcium and stron- 
tiniii, b(Uii<jj a ycdloAv metal, Avliich is oxidized by contact 
with tlu^ air and readily decom])oses \\at('r at the ordi- 
nary tem[)erature. 

Barium Chloride, BaCb + 211,0, is |)r(‘])ared by dissolv- 
iii ;4 l>arinm carbonate in hydrochloric acid. Jt dissoha^s 
easily in Avater, but not as easily as the chlorides of 
strontium and cah'ium. 3 he ordco' of solubility, bejyin- 
with the most solubh‘, is, (*alcium, strontiiuii, bav- 
in in, — the same as iji tln^ case of tln‘ sul])hates. 

Barium Hydroxide, Ba(OH).>, is formed by dissolving 
l)aiimn oxide in water, just as calcium hydroxidt' is 
loriiK'd by tianatinj^^ calcium o\id(^ Avith watiu'. In hot 
wattM’ it is much Jiiore (*asil\ soluble^ tliaii calcium hy- 
hinxidf, and it is also mor(‘ easily soluble in cold water. 
Vs such a solution acts in the saiiu' ‘j.cmeral Avay as lime- 
\vat('r, it is fiaajmmtly ustnl in th<‘. laboratory for the 
purposes of (h't(*ctin»j^ carl)oii dioxide, barium cai’honato 
heiiii^r insolubhy Like linn'- water, it has an alkaline 
riNMction. 

Barium Oxide, BaO, is mad('. by heating the nitrate, 

the, (‘arbonate, is not <ni,sily (hwomposiMl bA' Innit. d’he 
'Host int(U’esting ])roperty of the oxide is its ])ow(U- to 
t-iL* up oxygem wlnm heated to a dark red heat in the 
'III' oi- in oxygAMi, AA'hen it forms 

Barium Peroxide or Dioxide, BaO>. — This peroxide is a 
'diih' ])owd(^r Avhich looks lik<‘ the simple oxid('. W hen 
li' lied to a, temp(u-atnre a little higlier than that rc'- 
'piiK'd ton d,s formation, it breaks doAAUi into barium 
and oxygen. The formation of the p(n‘oxide by 
^I' ltiiig the oxide in tln^ air, and tlu^ d(Ha)mposition of 
the peroxide at a higher heat, make it ])ossibh‘ toexti’act 
Jrom tlui air and to obtain it in the free state'. 
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Tliis metliod of proparin^ oxygen on tlie lnv«>(' scilo 
from tli(‘ air avms ref(‘rre<l to linden* Oxygon. It is 
that the oxide improves witli use. Specinu^iis \vlii,|| 
liave been in iise^ for two years are said to ])(> 
efheient as at Hrst. When a solution of livdrogen dj. 
oxide, H,0„ is added to a solution of liariiim hydroxide 
a pnu'ipitatt^ is foniUMl wliieli has the eoinposilion p;,() 

W’lum liltmed and put in a vacuum ovei- sul- 
phuric acid, it lostus all its waten* and leaves ladiind pum 
dioxide. Tlie dioxide is a convenieuit starting-])(»iiit i]. 
th(' preparation of hydrogen dioxide. It is only nec(‘ss;irv 
to treat it witli hydrochloric a(*id in eirder to mahe a solu- 
tion of hydrogen dioxhhu The solution mad(‘ in this 
Avay, however, (‘ontains barium chlorideu To make a 
solution containing nothing but the dioxide, pun^ bariiiui 
peroxide is treatcal with <lilut<' sulphuric acid, xvlien in- 
soluble liariiim sulphate^ is formed and the liydrogon 
dioxide remains in solution : 

]]a(b-i- li.^S(), . BaSO, I 11,0,. 

It is inter(‘sting to coni[)are tlu^ action of In drochlorir 
acid on barium peroxide and on tiu^ coriaesponding coni- 
j)ound of maiigamusm I\ itJi tlie latter, as no liave staai, 
the reaction takees [)lac(i as n'piausented in tJiis (upiatinii ; 

3[n0, -f- IHCl AIiiCl, + 211,0 + 01, ; 

wliile with Ijaiium p(‘roxi(hi tlui reaction takes 2 )laco 
thus : 

BaO, -1~ 2HC1 BaCl, (- H,0,. 

It is 2 >i’ebable that in the (rase of manganese dioxide 
some intermediat(i lU'actions ta.k(r place which are im- 
possil)le in th(3 othm* cus(‘. (Se(‘ i\]angan(‘S(3 Ilioxidrx) 
Eariuin Sulphide, BaS, is imuh} as calcium sul})hi(le is, 
by reducing tin; sulphate by luuiting with charcoal, it 
is })hosphor(^scent, like the calcium compound. A\ hrJi 
dissolved in \vater, it is decomposed, forming tlie hydie- 
sulphide and hydroxide, thus ; 
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2BfiS + 2H,0 = Ba(SHX + B;i(OH),. 

It will be remembered that tliermoehemieal investiga^ 
tioiis have made it ap])ear probable that similar reac- 
tions hike place when potassiuin and sodium sulphides 
jiro dissolved in water. In the case of barium sulphide 
tlio evidence is more tangible, for, on evaporating a so- 
lution of this compound, both the hydrosulphide and 
livdroxido crystallize out. 

Barium Nitrate, BafNOa)!, is easily soluble in water, 
])ut (lillicidtly soluble in acids, and is precipitated from 
its solutioji in water by the addition of nitric acid. 
AVliou heated to a suniciently high tem])erature, it is de- 
coiipiosed, and barium oxide is left behind. 

Barium Sulphate, BaSO,.—- This occurs in nature as 
harite, or heavy s])ar, and is priM-ipitaicMl when a S()lul)le 
sul])liat(i or sulphuric acid is athhal to a solution of a 
biiriiim salt. It is iusolubh‘ in wator ; when freshly pre- 
(•i[)itated, it is easily soluble in concentrated suljihuric 
luid. It is artiticially piw'pared fov ust' as a pigimmt 
aud is kno^\ll as jx‘ r naototf aV/dc. ()n acc()uni of its in- 
solidality it is niiudi us(‘d in (dnmdcal analysis lor (lie 
])iii'p()se of detecting and (‘stimating sulphuric, aidd. It 
• lilU'Vs marked ly from cahdum and strontium sulpliati", in 
lilt' fact that, when treated with a solution of ammonium 
1(1 1 hi ujat(‘, it is not con vt'rtml into tln‘ cari>onate, wluu’eas 
edriuia and strontium sulphat<‘s are 1)\ this means com- 
j)l('t(d\ converti'd into llii*. carbonati's. d'lds fact is taken 
'td\ aiitagi', of ill analysis. Th(*re an^ otlun- dilVerenia's, 
^\lli(‘ll will be stattal at tliesmd of this (diapter. 

Barium Carbonate, BaCO.,, occurs in natui’(‘ as witherit(\ 
•nid is made pure by adding a.muionium i‘arbonate and a 
hhlii ammonia to a solution of barium (diloride. The 
<^‘‘•1 hoiiate usually found in the market is made bv ])re- 
^'il’itating a solution of tlui crinh' sulphide with sodium 
l)())i;ite, or by heating togidher sodium I’arbonatt' and 
^‘‘iturad bai'ium sul[)hate, or Inuivv spar. jMad(‘ in (dtlim* 
•'Hli('S(; ways it contains alkab’iu' carbonate, from wliiidi 
d is impossibh' to se])aratt^ it by washing. Tlu^ carbonat(‘, 
the other salts of barium, is ])oisonous. It has tlu' 
l'e\a!r to unite, and form insoluble comjiounds, with me- 
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tallic oxides of (lie foiaiiiila as, for ^xainj)]*-, f, |, j, 

oxide, Fe/).,, and is used in anal vli('al o])era(io]i,s iui fli,. 
2 )nr])ose of separafin^’ iron fi'oiii ofliei* nndals, Jik,^ n,;,,,, 
^anese, wJiieli art' jjof |)r(M'ij)ifated ])y it. 

Phosphates of Barium. — d’Jie ])]ios|)liates of hariinn cnr, 
respond in ^nunu-al to tlios(> of caleiuni. When ordin.ii ^- 
sodium pliospliate and ainnioida are added to a soluhOi, 
of a l)ariuni salt, normal or tiutiaiy pliospliate is jno- 
eijiitated : 


SBnCl, d- 2 imrt 2 P 04 -I- 2Nrh -f- 4 Xm(’ 1 -f ^Nlhci. 


Wlien sodium pliospliate alom^ is add<^d, tlie first rrai - 
tiou xvlucdi takes place is tliat represented in the oipin- 
tion 

4BaCl, + 4HNa,PO, BallXPO,), + Fa, (PC,), + 8Na(d. 

The precipitate is the tertiary ]diosphate, 'while tlin 
priimuy phosphate is in solution. On standin}^, tlie soln- 
l)U' salt acts upon the insoluhh^, one, forming the sei'ond- 
arv phosphate thus : 


BaHXPOJ, d- Ba,(PO,), 4HBaPO,. 


Reactions which are of Special Value in Analysis.- Tlio 
su][)liates of calcium and strontium are com{)l(d(‘ly ( nii- 
Muted into the carhonahcs hj contact witli a soliitK'ii 
of ammonium carhonatc^ in ammonia, ddie siilpiiali' nl 
harium is not changed in this way. (lonseipnmtly, it a 
mixtur(‘ of the iliire sul[)hates is treated with aniinoiii- 
mil car])ona,t«?, tliose of calcium and strontium will !»'' 
converted into carbonates, wliih‘ that of ba.i’ium will i'" 
main unchanged. By iiltming, washing w ith watm-, ami 
tri'ating Avith dilute nitriir or hydroidiloric a(*id, tlu' < ai- 
bonat(‘S will lie dissolvcul, wdide tlu^ sulphat(‘ will iM'h 
if niti'ic acid is used, the solution may be evaporatmi 1“ 
dryness and treated with a mixture of alcohol and ntl'' f. 
(Jalciuni nitrabi will dissolve ; strontium Jiitrate will ii"h 
FlnosUicic ar/i<l jiroduces a precipitate of liarinm Ihm 
silicate, BaHiPj, in solutions of barium salts. Tlii^^ 



GLUCINVir. 


t) ») \ 

j„s(.]iil)le in a niixtiiro of alcohol and water, and difficnltlv 
sniiil'lc in water. The corresponding snlts of calcium 
,,i„l stiontinm are soluhle. 

Oilcifiiii sufph<de solution product's a pnaupilatt' in a 
solution of a strontium sail or of a, barium salt, but not 
in (,iu^ of a calcium salt. 

Slrnnfiiaa snlphafe solution preci])ilaies liarium sul- 
from a solution of a, barium salt, but forms no pj-c- 
cipilutt' in a. solution of a strontium salt. 

W' la'll boiled wilh a solution of one part f)f sodium 
carboiiatt^ a,nd three parts t)f sodium sul])hate, the eul- 
jdialos of strontium and calcium are complettdy con- 
V('i(('d into carbonates, whih' the sulphatt' of barium 
iviiiains unchanged. 

llariiim chloihlt' is insoluble in absolute alcohol; cal- 
cium cldorith' is easily soluble ; while strontium chloride 
(lissol\es in waiun absolut(‘ alcoliol. 

.lih inoHunti nxdhth^ (NK,l,0,Xd^, produces 2 )recipitates 
cf tlu' oxalati's ill solutions of calcium, barium, and 
sti'oidium. tbily the calcium salt is insolulile in diluti^ 
act'lic acid. 

Pohissiioti (iichroinafc, lvT-'r./)„, precipitates barium 
cliroinate, jjaCrO,. Tin' coria'sponding salts of calcium 
;iii(l strontium ar('. soluble in water. Ilariiim cln;omate 
is ('asily soluble in liydrochloric or nitric ac'id. 

All three elements of the group give colored llanu's 
^vliicli have charact(*ristic spectra. Calcium com])ounds 
‘■"lor t h(‘ tlaine ri'ddish yi'llow ; st rout in m compounds give 
iiii iiil('iis(‘ rt'd ; and barium compounds a. yellowish grei'U 
^'olor. Tli(‘ spi'ctra. are moi’e comjilicatcd than those of the 
‘ ImiM'uts of th(‘, jiotassium group, but ('acli out', contains 
l.igldy charactmistic* lim^s whii'h a,rt‘ easily recognizetl. 

j/: t a MdSi i M s I ' />'- a r o 1 7\ 

(tlucinum, G1 (At. AVt. 9.01). 

Occurrence and Preparation — The principal form in 
^’hich the element glucinum occurs in nature is in the 
iniiK^v-d beryl, which is a silicate of aluminium and glu- 
^iiHuu of the formula Al,GI,(SiO,),. Emerald has the 
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same composition, but is colored green by the prosonc 
of a little eliromic oxide. Tlio element can ])e isolate 
by d(HM)mp()sing the chloride by heating it with j.otat 
sium or sodium. 

Properties. -The statements concerning tlm pn)|)ortios 
of glnciiimii, made by those who have pi‘('j)a,iei| it jj, 
dilhneiit ways, diller somewhat from om^ aiiothm- 
deiitly in cr)i]S(a(mm(M^ of tln^ fact that it has not 
ally l)(*(Mi j)uir‘. It has a. nu^tn.Jlir Iiistn^ hoat.d 

in the flaunt of th(‘ hlow-pipt* it hecomes Cf)ver('d uitl),, 
thin laytM* of o\i(h% which piexa'nts I'urthnr action; it 
(iissolv('s r<'adily in h \< I roch loric and snlplinric^ acids 
but oidy with ditliculty in nitiic acid. It is diss(d\cil 
by potassium hydroxide, roianing in all probability a 
glucinato of the composition (IhOK).^: 

Cd + 2K01I = 01(0 K), + H,. 

The specific beat of glucimim at ordinary tem})eratiim 
is O.‘12o. 1 his multiplied by the atomic, wtuglit 9.01 troves 

• ).8d iust'\‘id ot 0.2 L Put t he a na lysis and 1 )i(^ dt't(*ri)iii):i 
tion of the sjieeiiii^ gravity of tli(‘ v.a|)oj* of the cliloiidc 
show tliat it has th(‘ formula (1101,^, the atomic weight of 
gliiciniini being 9.01. At ( '., howaoa'r, t in' s[)ccifi'! 

heat of gliicinmn is 0.oS2, and this mulli))li(Ml bv !).id 
giv(‘s 0.21. At oi'dinaiy 1cm p('ra tu r(g tlnna'foi ghi- 
ciiiuiii, ]ilv(‘ carbon, boron, and silicon, is an excoptioii to 
t 10 ' law of Dulong an<l Petit, wldle at ,'1 liiglier t',>n)pov;i- 
turt?, like the elements named, it c'ojjforms to the Ja'V. 

Compounds of Glucinum. — The compounds of ghi- 
cinu u diher in many res[)(n;ts from thos(^ of tin', gi<'iil' 
ealeiiini, b.ariuni, strontium. Th(‘ liydroxiihi is ('iitiivly 
insoliibh' in wnat<‘r ; the siilj)liat(' is ('asilv soluble in 
water; the chloride is c,onipl(d.(dy (h'c^omposed wln ii its 
water solution is eva[)()ratml to diwness, the prodia-ts 
b(dng 1) yd rochloi’ie. acid and glucinum oxide. It slows 
a maik(‘d timdemyy to form basic salts. 

Glucinum Chloride, GlCb , is formed by the action nf 
chlorine on glucinum, and more easily by treating a ndx- 
turo of glucinum oxide ami carbon wdtli chlorine, tlio 
reaction being similar to that employed in making sili- 
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con chloride (see p. 413) and boron cddoride (see p. 352). 
j[^ is volatile; and it is therefore possible to detcn-mine 
the s])ecilic gravity of its vapor. This has been done, 
the result of showing its niolecnlar weight to be 
70.1). 'Taking this fact into consideration, tog(dhcr with 
the perciMitage composition of the coinponnd, the con- 
clusion is jiistithid that the atomic weight of gliicinnm is 
D.OI. hor long time it wa,s thoiight to b(‘ 13. bo, with 
which hgiire the specific lueit, 0.125, is in accordance ; 
for 13 (15 X <T125 - 5.79, but the evideinui fiindslnnl by 
th(^ s[)ecihc gravity of tin', vapor of tlui chloride' is re- 
pcinh'd as conclusive in favor of thi' atomic, weight 9 01. 

Gluciiuiiii Ilydroxido, Gl(OII), , is thrown down as a 
])iecip;tate wdu'ii a soluble liydro.xidi^ is addial to a solu- 
tion of a gluciiium salt: 

OISO, -p 2Xa,OTT ^ ( lI(()Hb 1- Na.,8(),. 

I(< is a whit(', gelatinous mass, wdn’cli is soluble in ])()tas- 
siuiii and sodium livdro\id('S ;iiid in ammonia, so lliat, 
-•ilt.ia- piu'ci pitation fr-om glucinum salts by tlu'st^ jueigcuits, 
it ivdissol v('s. 'This solution is dm' to lln^ formation of 
yhiciiiates of the foi-mula, 

(11(011 I 2Xa()l[ - OKOXa)., I 2ir./). 

^Oil'll suflicah'id ly dilutt'd with wai('r, the potassium and 
s:iUs ar(^ com])h;'i('ly decomposc'd, and tin' hv- 
'h'o\i(l(' i‘('pr(‘ci pitatc'd. 'This is an illustration of mass 
.-L large (piauitity of water clVectiiig a d('conip()sit ion 
'diicli a small (piaiditv <loes not ('(h'l't. The ])owt'i’ of 
hu' liydroxid(i to form sails with tlu' stiuuig l)as('.s sliows 
hi-it it has sliglit avid propi'i t i('s. 'Tlui Indroxidi's of cal- 
barium, and sti’oniiiim do not |)ossess this powc'r. 
bdueiiiuiii Sulphate, GISO^, is fornu'd by dissolving 
.uhiciiiuiii liydi-oxide in dilulo snl[)lniric acid, and lias 
<‘ein position ( 1 1S( )^ |- -j I f./) w hen crystalli/('d from 
^vahw. AVdieii a solution of this salt is lu'ali'd witli glu- 
‘iiHiiii hydi’ox:ide, basic, salts a.ro fornu'd, of widcli tin' 
ju-o o.'camples: (11,80. anil 01,80.. Tim linst 
'1 llioso is to 1)0 roftanloil as ilovivoil from a livdro.xiilo 
of Uio formula HO-Ol-O-Gl-OH, hy imntralizatiou 
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with sulphuric aciil, as ri-presonted in the 

Gl— () * 

.second from a hjdroxid(3 of ii„, 

fornuda H()-(}l-0-Gl-0-(d- OH, ])y iieuhvilizatioii wiilj 
sulphuric acid, as re]>rtssentcd in tlie formula 


0< 

o< 


Gl-O 

G1 

Gl-O 



■\\itli ])otassium sulphate, ^duciiium sulphate forms a 
double salt of the foriiiula .K.^SO,. GhSO^ -|- ‘*^H,0, 


SO.. 


S0,< 


OK 

OK 


possibly 


(7ro).s()< 

(H())..K<)< 


OK 

o 

()>' 

OIC 


Glucinmn Carbonate, GICO..— will'll a slif,dit excess of 

Soilium oarlioiiatc is aililcil to a sohilion of clucininii 
sulpliato, a basic carboiiatu of tlio formula (II.CO. is 
formed. This is similar to tlio second of (lie al.ove-nicii. 
tioimd basic sulpliatos. ft is to be reeardeil as derive. I 
from the lijdroxide HO-Ci l-( M i |-( )'.( ;]-< )l f by m.ii- 
tiali/atioii ivith carbonic acid, as represenfod in tint 

n ) 

formula . . *^(5 1 - OO 

( ;i-o ) 

Weak Basic Character of Glucinum. -ddio pow(U' of 
gluciuum hjdroxitle* to form salts with strong bases, 
such as jiotassium and sodiiim hydroxides, which was n - 
fell ('(I to al)o\'(‘j shows that the h''dro\id(‘ hits sliglil at iil 
j)! o])(‘rties. At thi‘ sauu* tim(‘, as we should cxjiecl, ll^ 
basic ]u-op(>i (i«.s are weaker than those of tiu' otlua- bast - 
fonniiig eh'UK'uts thus far eonsider(‘d. This is shown in 
the r(*ady foianation of l)a,sic salts, such as the basic sul- 
])Iuites and basic carbonates nnmtioned. 1Mie stroniv st 
bases do not r(‘a,dily form basic salts, but aiay oil the ol in i’ 
hand, moiT* comj)etent to form stable acid salts. Tlias. 
potassium and sodium form acid carbonates; cahinm 
apjiears to form an extremely unstable acid carboiniln. 
but preferalily all tlie members of the calcium gicnp 
form normal carbonates of the gmieral formula AL( ; 
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gliu’iiiuui, liowever, and, as wn sliall sea, magnesium, 
prrl'.'ralily Jnnn l)a,sic cai-Lomdes. We sliall see, furtlier[ 
lliat tlie Miemhei-s „f du- iiexi faiiiily, of uJiieli aluminium’ 
is tile {uin(‘i)tal one, lurm nul\' <*\ti*etuely unsialile eom- 
|H,iiu(ls uitli earlmuie a. •id, tlieir l.asie' proiierlies not 
lieiiig sulliciendy strong to hold lliem in coudiiiiatiou 
ttitli the weak aeid, exee|it a|ipa.rently at a very low 

Iliis ros('inl)l;iii(*o to tlh^ ncid-forniiii^ elouioiits is 
shown l)y -hieinuin also hy tlio (ais(‘ with uhicli its 
clilnritlo is (loconi])osiMl into t'ln^ oxi,],^ ],y(ln,<-hloric 
irid wli.ni its wat(‘r solution is ovnj.t.rnttnl to (jrvnoss. 
Tins ivaction dot^s not t;do‘ )dac'(> in tin' naso of sialiiiin 
iii'l potiissinni at all, nor with l.arinin and strontium. 
Widi cah'inni it takos plan.' to a slij^dit .^xt.'iit, hnt with 
-lucinum it is coni[)h't.', us it is witli th.^ similar motal 
in:i!4Ji('sium. In g(mo]‘al, tli.' mor.' acidic the eloinent 
llir nioro easily is its chlorid.' d. 'composed in this way. 

i\[A(iNKsn M, M- I At. W t. til.lO). 

Oceurronco. -Maj^n.'sinm occni's very abundantly i]i 
irdiiiv, though by no m.'ans as aliiindantly a-s calcium. 
Among the widely distribut.'d mimuals which contain 
'd.'iiKuit are magn.'sitt', which is tlu' carbonate, 
k), , doloinit.g a. doiibh' carbonat.^ of magnesium 
■‘'“I <‘<ih‘ium ; s.'rjH'utiin', talc, soapston.', meerschaum, 
lioi iilil.'iide, all of w hich contain magin'sium silicate's, 
i 111 tiler, the metal is found in solution in many spring- 
'Citcis in tin; form of the sulphate*, e)r, as it is e*all('el, 
salt. Kainite is a sidphate*i anel chhuuele of the 
^■‘'mi>ositie)ji expre*sseel by the formula 

K\8(),Mg8(),ArgCd 

ki. s.a itn is niagnesiuni sul|)hate, MgSO^ ; car- 

is a, de)uble chh)ride, KMgCl,, -f bid,/). 

-h^iiesiiim compounds are* contained in the seiil in 
iiM (pn>iie'(‘ ()| the* ele‘ce)m])e)sition e)f mineu’als contain- 
it. It is to some* .‘xte*nt taken up by the plants, and 
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Sii'bsequoiiH V into the aiiinuii body. It is Toiind in i]),. 
bones and in tlio bbxal in small (jiiantitios. 

Preparation. Tim nndal can be nnnb' by tlit‘ rl( ( ti(il, 
ysis of its (‘ldoiml(\ but is most (M)nv(mi(mtl y iii;i(l(> |,^ 
do(*om])osin^ tlm (ddoride by nuains of sodinin. 1| y 
now manufactnrtMl in eonsidt'rablo (juantity by ilijs 
nndliod. o[)(‘ralion consists in brinij;in^^ to^^Mllici 

dj'v mammsinm cldoridi', fluor-spar, and sodiiim in (•( i'- 
tain ])i-oporti<ms, and Imatiiiij; to a. ]ii;j,li fcni ptaalu if m ;i 
criu-iblc. d'lm nndal is pnrifmd by distillation. liisliMd 
(d* iisin;^ tlm cldoridi', wliicli it is diilicnlt to ])r('jtar(‘ div 
in laiy;'(‘ (piantity, tlm doubb' chloiidc of ma;_;ni‘siii m and 
potassiiun, lOipt’l., or ’1 ,, K( ’), is fi‘<'(|in'ji( I \ used. 

Properties, (f is a sil\ (O’-w imdal witli a iiiyli 
bistre. In tlm aii‘ it clian^’(‘S only slowly, but it uradii- 
ally Ix'conms co\ (oa'd w ith a la\« rof tin' li \ (b'oxidr. At 
ordinary t(Mn[)eratur('s nia,un<‘sinm does not d(a'()iii)i(ist' 
wat(‘r; at 100 it d('conipos('S it slowly. A\’lieii licated 
ab(»v(X its nmltiny;-poiiit in o\\y('n oi’ in tin' aij-, it (ak( s 
tii'(a and biniiswitli a bri;.;'lit tlanny forming; tin' wliih^ 
oxi(l('. d1i(‘ iip;bt of tlie^ tlann^ is vtn’y eflicicnt in prodiir- 
iiii;’ (‘(‘I'tain clK'inical cliaii^i'S, such as tlios(' invobed in 
plioto^^raphy, wlmn a pc'rniam'nt impn'ssion is niad(‘ l>y 
tlie lii^lit n[)on a s('nsiti\<‘ [)lat<a It has also tin* jxau i' 
to caiisi' hydrogen and (diloiiiu' to combim^ just :is tin' 
sunbd^ht and tin' (dectric li^lit do. 

Applications. - d'ln^ princijial us('. to wliiidi nni'.i^in siiiiii 
is put is fo!’ tin' purpose of pi'odncin;^ a bri;a;ht lip,lit, ;i^ t"i' 
]dn »loj.i;ra piling* in s])a<M*s to w!ii(di tin; snnli^lit docs ii'd 
lia\a‘ acc(‘ss, and for sin,nalinp;. It is also usjmI to sonic 
('\t<'nt as an in^redb'iit of niat(‘iaals (‘mploy(*d in niakiny 
li reworks. 

Compounds of Magnesium.— ddie conqioumls ot niay- 
iiesium present a general rc'sc'inblanee to those of cdnci* 
nnm. As the* (dcmnmt is much more abundant in natme, 
its (‘(nnponinls liave l)een studied moiai (‘xtensivi'ly. b^ 
acid prop(‘riies ai'o sonn'what werdu'r, and its 
])ro|)erties sti-ong(‘r, tliaii those of glucinum. tt > 
droxi(h) (hx's not form salts wdlh the liydroxidt - "I 
potassium and sodium. On the otlioi* band, it^ 
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rido is (locoiiiposod wlion its wator solution is ovap. 
orated to (IryiK'ss. Tho liydroxide is very sliglitly sol- 
iilile ill water, and this solution has a slightly alkaline 
rraetioii. AVith carhonio arid it forms basic carbon- 
ates similar to those formed by gluciniun. On tlie 
nthm- hand, it does not reailily form basic salts with 
sulphuric acid. Tii character, it is plainly more closely 
allied to tho members of tho mdcinm group than gluci- 
liiim 

Magnesium Chloride, MgCl..- salt, as lias Ixuni 

statt'il, (K-curs in natuiv. li is easily ft.niuMl l>v dissolv- 
ing iiingiH'siuin oxidt' oi’ eaihoiiaft' in liydiovldoric acid. 
On ('\ aporatiiig at as low a tcmjx'raln ro as possibhy 
tliciv liiially crvstalli/i's ont of fla^ vtn’v concfMdratt'd 
solution, a salt of t lit' composit io]! i\In-(tl„ -|- (Jtf ( 
ogoiis to (‘i vsta lli/t'd calcium tddoiadt', Ca( 1., -| - (ill () 
ami simiilinm cldoridt*, Sr( 1,^ . j- (;|| (). Wlicn tliis 
(‘V\ stalli/('d salt is Imatod tor the pni])osp of tliiviiiL' 
oil tilt' waft'!-, it is cojii}d('tt'Iy dt'coniposcd in nccoi-daiict 
with the following t'(piation : 


.MgCl, -f HO _ aMgO-l-mCl. 

it IS most coiivt'nit'idly pivpaivd in (ho dry form bv 
iiist iiiaknig ammoninm-magiK'sinm chloride', and de- 
‘■oi'iliosnig (his by heat. Jd»r liiis ])Ui-posc, a solution of 
■imimmiiim (ddorith' is added to a solution of inagiu'sinni 
Hihirid,' and tin' whoh' t'\ a pt »ratt'd to dryness. Tlii're is 
in th(' solution llu' double salt of thecomposi- 

1'''^ ovaiiorated 

" ‘ ""‘jih'tiA dryiK'ss. \\ ht'ii pm-iect ly d ry, this doulile 
^■'h hivaks down into magm'sinm chlori(|;> and animo- 
ehloridt', if Innited to a. snUicieiitly high tt'injiera- 
Junmoniiim ehloridt' nndt'r these eireum- 
•^hiiu'os is vo]atili/(>d^ a, ml tluA magnesium chhnide re- 
ai.iiiis ht'hiinl in tht> inoltt'ii caijitlititm. 

^ ehloritle is a whilt', erystallino mass ^vhich do- 
^nt's in the air. At a bi-ight red lieat, it is volatile 
mill he tlistilled in an atniospliero of hydrogmi. It 
"Ut's in watt'r with markt'tl evolution of heat. It 
>hies leadily with tlie chlorides of potassium, so- 
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(lium, and aniinonium, fonnin^^ owstnllizin^r 
(if tli(‘ fonnnlas 101^(1,, NaMj^d,, and ^ ^sluvh 

may 1)0 npi^ardcal as fornnal by tin' f( jnibination i if o,,^ 
niuloculo of ma^in'simn cldoiidi' with oin' inol<a*ul(* of (ad, 
of lli«' otlun' ohloi idi's. A s(‘(‘ojid com pound with potas- 
sium chliu'idi', ot tin' formula. is also known 

It siwmis [)rol)al)l(‘ that tin' lattt'i’ is ana, logons to tla* po- 
tassium compound of !j;lucinum of tli(3 formula ( d • ^ 

0 K‘ 

Tt <'orr('s[)oinls to an o\yu;('n compound of tin' foiaimta 
51y <'||J^, which, liowt'vcr, do('s not sc(‘m to Ix' fornKMj. 


If in this coTnjxmnd \\(' iFiia^iin' ('ach of tin' two ox\ooa 
atoms to l)c rt'plac('d by two ('Jiloriuj' atoms, the coiii- 

|)ound would have' (In* foi niiila ^fo' Tin' (*\is(- 

oiice of tw'O double' chioiidi's of ma^in'sium and jiotns- 
sium is sugg<'st<*d by wliat has Ix'tm said I’c^^midiii^- 
compounds of this kind (si'e* p. dtiaj. Oin' of these 

would b(.3 re])r<'S('nt('d l>y tin' formula the 

otln'r bv tlui above foimiula. l>oth a)'»‘ known, 

.further, magin'simn bromide forms tin' salt K„51yl>y 

. jiJrjK 

Magnesium Oxide, MgO. — This coinpouml is CDriiiiioiilv 
called tii<KjH('.sl(L A tiiu' wliit(' varit'ty wliicli is known 
as nsht^ is made' by In'atino j)reci pitated bnsii' 

inagm'sium carbonate. It is a whitt*, loose' powder, 

which is very ditlicultly s(»luble in wada^r, forming with it 
the hydroxide, which is also v('ry dillienllly 

solubhn iMa^in'sia is use'd, iji medicim', as an a))plin;i- 
tioii to wounds, and, mixed with a solution of h'l iic sul- 
phate, as aji aiitidot(3 in cases of [eoisoninj^ by aiseine. 
As ina^^nesia is infusibh', it is used to protcH't o ssels 
which are subjd'ctc'd to a hip^h t('m])(3i atur('. \\ hen 
rnixod with wab'r and allowed to lie in tin' air, it h('- 
coines vany liard. Alixtuix's of ina'^in'sia with sand ah*' 


have this property, and are used as hydraidic c('iiu nts. 
It is used, further, in the nianufaeture of tire-bricks. 
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Magnosium Sulphate, MgSO^. — Tlie minoral kioserite, 
occurs ill Stassfnrt, lias tlie corn position expressc'd 
bv I lie formula MfjjSO, -f- H/) ; or, more |)rol)ably, tliis 


I OH 

.should l>e written (H()|,:MgS(X, or (),S -| , in wliicli 

[ ()>^’o 

it :i|i|H'iirs ns ii deriviitive of tin; acid S()(()H),. Tin- 

s;i]t MgSO, + 711 ./) (or H.^l\+rS()^ + (Ul/)), also OC'CUl’S 
ill iiaiiirc. It is this variety wliicli is ^enei-ally ohtaimal 
wlicii a soliition of magnesium sulplialt^ is evaporated to 
<1 ystii 1 1 i/a tion. It crystalli/t's in largit I'Jioinhic prisms, 
or, if r.ipidly (le])()sitt'd from very (‘omamtrah'd solutions, 
iu small, ntaalle-shapml crystals. At ordina.rv tempera- 
tuivs, 100 [larts of watiu* dissolvi^ Vid parts of the salt. 
Tli(' nattu’ solution has a hittor, salty taste. 'When 
li(‘al(Ml, it readily los(‘s (> mohnailos of water, but it re- 
(|iiir(‘S a tem[)(‘raturo of over :>00'" to drive oil’ the last 
molecule. This has led to tlu' ladief that the salt with 
Olio molecule has tin' eonstitution above givim, Ixdng a 
<lerivativ(^ of the acid S()/)H),. 

Magnesium su+hate finds extensiv(‘ application. It is 
UM'd in nualiciin^ as a |)urgativ(‘, and is known as Hj)- 
soiii salt, for th(^ laaason that it is contained in the water 
lipmiin springs; it is uschI further in th(‘ nnlimfao 
tine of sodium sulphate and potassium sul[)hate, and as 
a Imtifi/er in plaea* of gypsum, it havijig bemi shown to 
advantageous in some east's, its (diitd* use is for 
I'l-'idiiig cotton fabivics. 

Miigiii'siuni sulphate forms double salts with otlu'r 
^id|'lmtms ; as, for exampby om' with potassium sulpliatt', 
^^uailai- to that loi ined by glucinum sul plia to ( see p. odd), 
file eonstitution ot tin* douhh* sulphate' <>t magne.siuni 
Slid pota,ssium is probably that t‘X|)ress('d bv the for- 


t ).,S c 

miila ^ 

()S<<> 

^ OK 


OK 


Magnesium Carbonate, MgCOa. — Like glucinum, mag* 
shows a marked teiidem*y to form basic salts 
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Avitli CiU’boinc Jicid. A\ lieu ii iioutml Duin^iiosinin salt is 
treated with a. soluble carbonate, a basic cm honjit,, is 
precipitattMl, ilie composition of which varic's juaaadin.t 
to the conditions under which it is ])re[)ared. Tlio salt 
obtaiiKul by addin'^ an exci'ss of sodinni carbonaft' to a 
solution of ma^nt'sinm sulphate 1ms tlie coinj)ositioii 
]\Ig,(()lIX(C(),)a It derived from three molcciih's 
of magnesium hydivixide and two of carbonic acid, as is 

.()-AbM)ll’ 


more clearly sho^yn in the formula 


CO< 

b 

co< 




Tlio 


O-Afg OH 

salt which is mamifactnred o?j Hjc large scab' is /noic 
complicat(‘d tlian (his, being (ieii\'(Ml from four n)()]('(']ilts 
of inagn(‘sium hydro\i<le and thr(‘e of ('arbonic acid. It 
is kjiown as a/og/zc-v/o o/Aa. Ft is this huan of tla' car- 
bonate wdiich is us(m 1 in (In' ])]'e})aration of //uffjnc.siff, usfu. 
Normal magnesiiun carbonatig AlgCO.,, occurs in natnro 
as magnesit(‘. It crystallizi's in tlnj same form as cab 
eium carl)onat(‘, or is isomorjdious with it. It is insolu- 
ble in wat(‘i’, but likt‘ calcium caibonab' it (lissolM*s in 
water containing carl)on dioxides in solution. I'roiii this 
solution crystals having tin* composition Alg(H) 
tlH/) and Alg( I - oH.I ) are (h*posit(‘d umh'r tlic 
proj)er conditions. 

Phosphates.- The conduct of th(> phosphates of inui;- 
nesiuni is v(‘ry similar to that of tln^ phosphat(‘S of cal- 
cium. All three ar(‘ known ; and of t]ies<' only tin' pi im aiy 
salt is soluble in \yater. A salt Jiiindi utilizi'd in analysis 
is (f ffuiumi fnn-/n<ffjnrsi tn/i pliospl/ftfr^ AIg{Nn,)P(),. d his 
is dilHcultly soluble in water, and may therefoo^ be iisel 
either for the purpos<‘ of det(‘cting magnesium or plies- 
])hori(; acid. Fn ord(‘r to ]>roduc(i this salt, aniiin'iiiu 
and sonu! ammonium salt, togcdlnar with a soluble ni'iy' 
nesium salt, must Ix^ aahhul to a solubhi ])liosphat(a 
If animonia alon(3 were aahbxl to a solution containmy 
magnesium salt, magnesium hydroxides Avould be pia'cipi' 
tatod : 


MgSO, + 2NH,OH MgfOH)., -f (NHJ,S(),. 
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AM til ainmonium salts, liowovor, niajj^iiesinin salts form 
wliieli aro not (lo(*oin])oso(l on tho addition 
of naiiuonia. WHion a soluble |)]iosj)liato is added, tlie 
(lillicultlv soluble aiumonium-ma<jjnesiuni salt is thrown 
(lo^vll. AVlion heated, this salt loses aiiiiuoiiia, then 
wiitor, and is converted into ina^^nesiuni ])yrophosphato : 

+ Nil, ; 

2MgllIN), =:M- P,Cb I H/). 

Mio (•orres])ondin^ salt (d arsenic, acid, ]\[^(N HjAsO^, is 
vi'i N' similar to the j)]ios])liat(', and on account of its in- 
soluhilitN' it is also used in <*h<‘mi(‘a1 analysis. 

Borates.- A borati^ of uia_L;ii('siuiii (oj^cdher with nia.t;- 
iK slum chloride' occurs in nature, and is known as bora- 
( itc. It has tlu' coinpositioii (‘\])ress('d by the formula 
‘ 2 Al,^^,In()i 5 , -f- iNT^d,^. TIk' borate', Al<,cibO,f., in derivi'd 
fi'um the acid, whic'h is redated to normal boric 

acid, as is shown V)y tlie ('(juatiou 


Silicates.- — Tho sim])lest silicate' of maj^nesium founel 
ill nature is olivine*, which is roprese'iiteel by the feirinula 
AI^.Si()^. It is the* iie'utral salt of noniial silicie^ ae*iel. 

Sci |)('n( ine is elei ive'd from t he aciel, (.)< and has 


tilt' com jiositioii iM;4;.,Si,I | 

Magnesium Silicide, Mg-Si, is maeh) by heating together 
niagiiesiuni chloriele, sodium tbieasilie'ato, sodium chlo- 
and soelium. Umh'r tlu'se circaiinstaiicos the so- 
eliiim st'ls iiiagnt'sium irt'olrom tlu^ rhlorith*, anel silie‘011 
liom tho iluosilit'aic. J>oth unite! to form inagnt'sinm 
siliciih*. \Vhe*n iie'atoel with hy el rochleiric aeud it gives 
silicon liyelride, Sill^, aiul hyelrogc'U : 


Mg, Si -b iHCl = 2Arg01, -1 Bill, 


The liberatieui of liyelre^gcn is du(3 t(3 the presence of 
feu e'xcess ed magnesium. 

Itoactions of Magnesium Salts which are of Special 



5G2 


monoAxw cjihWhSTii r. 


Value in Chemical Analysis . — Soluble bi/dro.rules (KOd 
aVaOir, NH/)If) pnMij)itah‘ niaojiosimn liydroxid,. |j 
ainnioiiiuiij rlihu'ido is jnrsoiii aniiiioiiia does nof j)],. 
cipitnto the liydrosulo. 

Di-sodium phosplude wiili aiiinioaia and amnioniii,,, 
eldoi’ide ])re('i[)ilat(\s aiiinioMiinii-niai^'iiesium p}ios[)li;i((. 
from tlie solution of a ma^iuvsiuni salt. 

Sodiu)u and poftfssiuuf en/7>r>ao/os- preeipitato basic n):i«^^ 
nesiiiin carbonate. 

Erbium, E (At. Wt. 165.06). 

General. — As rcy^aiNls tln^ position of erbium in tlie ]>( 
riodi(^ system, a final statmnent cannot as yc't lx; ni.iif 
Ac(*ordin^^ to its atomic; AvxuVlit, assiimin^At to be 165. Oli, it 
falls in the second family. On tln^ other hand, the coin- 
position of its compounds scxuns to indicate rather that it 
lxdon<^^s in the tliird family, as it resembles alumininin 
in some respects. It oc'curs in some; rare minerals, ;is 
ccuitc;, j.;'adoliidt(‘, (‘iixenitc', and orthite, whicdi are found 
in Swi'den and OrcxmlaJid. It is always acconi])aiii(Ml 
by othc'r rare medals, a h'W of whicdi Inivc' l)e(m studied 
with cai‘<\ Amon^’ tlu'sc; may b(‘ mentioned lanthaiiuiii, 

• •(M'iuni, didymium, and scandium, dlu'se; m(;tals will 
be trc'ated of in later chayteu’s. It mxMl oidv' be said 
furtlnu’ in rc'^ai'd to (‘rbium, that emr knowh'd^e coa- 
(‘(‘rniiit^ it is as yc't (juit<‘ imperfect, and the causc^ of 
this is to be found in th<‘ fact that tlu' mimu’als in w liicdi 
it occurs arc; (‘XccMalin^ly comph‘\', and it is thcu'cdbic 
X'c'ry dillicult to sc'paratc; the* various metals prc'smit. It 
/ipjx'ai s that th(‘ tormula of thc' oxide of {'rbium is IhO . 
If this is so, it is in this res[x‘ct like' abuniniuni oxide, 

A 1,0,. 

It appears ])rol)able tliat the oxidcw)f erl.u'um th;i( is 
gemu’ally obtaimal irom tin; com[)lex minei’als nanu'd is 
a mixture; of oxides of l aia; eh;ments. There' is {^ood < \ i- 
<l(;nce of the; pr(;senc(; of Ihnlniui and of hoi tu iuiUy tlioiieli 
it is still an op(;n question wdn;ther th(;se as well as (;rbiiiiii 
may not bo capable of further decomposition. 
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KLKMr.N'rS OF FAMII.Y 111. OFOFP . 
aluminium— S( 'AN DIF M V'l”!’!: 1 F M -V'n'FlIlU FM— 
SAMAIMFM -IIFLIFM. 

• 

Gonoral. — Tliero is iu some respects a resemblance 
|)(‘t\voeii Ijorou ami the priiic*i|)al meml)er of this j^voup ; 
l)iil as boron ai'ts almost i^xelusiv(‘l y as an anid-formiiijj; 
( leiiK'iit, it was taken np in conmn-tion witli the elements 
of kaniily V", (Iron}) ]>, or tlie nitro^i^mi j^o'oup. Atten- 
tion was, however, calliMl to the fa,et that the analo;^y 
th(‘S(‘- nhnmmts a.ml boron is but sliglit. ^Tln^ 
])oiiils of resembhinc(‘ lad wecm boron and the moinlxu’s 
of lA-imily III, drou]) A, will l)e pointed out below. 
Tla^ principal nnnnlx'r of this ^roup is aluminium. Tln^ 
otlims ai’e all rare, and some hav(' bemi bnt im])erf(H*tly 
slu(]i('d, owin^^ to serious dilliciilties iu the way of ob- 
laiiiiiio- tlndr com})ounds in pure (‘omlition. Tlu'y are 
trivalcnt in tlieir ('om})ounds, the <.^(uieral formulas being 
such as the following : 

M(d,, i\i(OHx, i\r(A(),x, ^ ucox . etc. 

Alii Illinium oxide is w«'akly basic, and somewhat acidic, 
dioiigh less so than boron. Aluminium hydroxidi^ has 
tlic [owin’ to neutralize most acids, and also to form salts 
with strong bases. Jloron oxide, on the other hand, has 
^cai ci'Iy any basic |)roj)(n’ties, thougli it does form a few 
‘wtrciiiely stal)le compounds, in which the boron re]da(‘es 
du' hydrogen of acids. (Se(‘ Jloroji ldios]duite, p. dob.) 

Aluminium, Al (At. AVt. 2().91). 

Ocenrronco.^ — Aluminiu]n is an extremely important 
‘^kiiuent in nature and in tlie arts. It occurs very 

(563; 
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widely distributed, and very abundantly in many dillVK nt 
forms of combination. Ainonjjf tlnnn are feldspar, mii a^ 
cryolite, bauxite. Feldspar is a silicate of alumiiiiun] 
and potassium ot* the formula AllvSi^O^. Mica is a 
eral name applied to a largo number of minei‘als wliirli 
are silicat(‘s of aluminium and some other metal, as jio- 
tassium, lithium, inagnesium, etc. The simplest I'onn 
of mica is that represented by the gemu-al fonmila 
KAlSiO^, according to which the mineral is a salt of 
orthosilicic acid, SgOH)^. tT-yolite is a doubh' tliioiiih' 
of aluminium and sodium, or tln^ sodium salt r-f lino- 
alnminic acid, Na,AlbV llauxite is a hydro\i(h> ,,f 
aluininiuin in combination with a hydroxidt' of iion. 
Jlesides in tin' above forms, aluminium occuis in the 
prodinds of decom])osition of minerals. One of tlu' most 
importaiit of th(>s(‘ is clay, wliich is found in all condi- 
tions of purity -from th(‘ white kaolim^ to ordinarv 
(hu’k-colored clay. Ivaoline is tln^ aluminium salt of 
ortliosilicic acid of the formiiia Al.fSiO/d I- dll/). Alu- 
minium silicate is tound in all soils, but is Jiot taken uji 
by ])laiits, and does not lind (Uit ranee into tin' aninia! 
body. The naim* aluminium has its origin in tin' fart 
that the salt alum was known at an (ULily datcy and tin 
metal was afterwaials isolat(Ml from it. 

Preparation. - I In^ pia'paration of aluminium on tli(‘ 
larg(‘ scale ])res(‘ntsa probhun of the, higlu'st importaiiri' 
to tln^ human race. din* ehunemt has p]‘o|)(0‘ti('S wldrli 
ada|)t it lo many us(ns to which iron is put, and for niaiij 
])ur})oses it has many advantag(‘s ov«'r ii'on. hin t her, \\c 
are su^ipliml by natun* with unlimited ipiantithrs of the 
compounds of aluminium, which ari^ distiibut(Ml iooi\- 
where ov(U' the <‘arth. W hih‘, howi'ver, iron, h'ad, tin, 
cop])er, and otlnu* imdals can be isolatml from their 
mitui'al compounds without s(;rious dillicultv, aliiniinimn, 
which is mori' abumlarit than any of them, and in innuy 
rimpmds more valuable than any of them, is lo(d\ed in 
its (compounds so tirndy, that it is only by compaiali\ely 

complicated and exjiensive nnddiods that it can be i>‘e 
latml ; and u|) to tln^ priisent it cannot be made at a 
])ri(‘(^ sufficiently low to bring it into common use. At 
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(]i(' siuno time work is eoustaiitly in progress with refer- 
( ii( {^ to this im})ortMiit pi’aetical pi ol)lem, and it seems 
|)iol)able that through a tlioroiigh study of the hiAvs of 
cht'iiiistry some method for the eh(‘ap preparation of alu- 
jiiiiiiiim on the larg(i seah^ will evmituallv ix' dis(*overe<l. 

The lirst method devisixl for tlie pre])a]-ation of alu- 
iiiiiiium on the large serde consisted in lieating aluminium 
cliloiide with sodium. 'The cldoride was h(‘at('d to boil- 
ing in a rcdort ; the vapor passcnl through a vessel contain- 
ing j)ieces of iron heated to redness, and then into a long 
IuIk' ('ontaining sodiiim. lnst(\‘i.dof aluminium chloride, 
lilt' double chloride of aluminium and sodium, which is 
iiioit' ('asily pr(‘paa(Ml in tln^ dry condition, is now used. 
Tin' doubl(‘ chloride and cryolite are iieated together 
witli sodium in a. propcuTy constructed fuiajaci'. It is, 
fnrtlit'r, possible to prc'pan' aluminium by ('hH’trolysis 
of tli(' chloride or of tin* doubl«‘ chloii(h‘ abov«‘ nn'ii- 
tioiK'd; and tlu^ oxide can lx* reduced by mixing it \Nith 
clni icoal and ]nissiiig tin* curi’ont from a pow(*rful dv- 
iniiiio-macbiin* tlii'ojigh it. Uy the latt(*r nu'tlnxl an 
Jillov of aluminium and coppi'r is now ])r('])ar('d, but tin* 
givparatioii of aluininium alone by this Jin'tbod does not 
a])|)('ar to Ix^ ('iitiia'ly succt'ssf n 1. New nn'thods for the 
ration of tln^ jin'tal am* constantly being devised, 
and tin* price is constantly Ix'ing lower<*d. TTie latest 
nu'tliod of ])roniise consists in the eh‘ctrolysis of alu- 
iiiiiiiiiiji oxi(h*, in the form of corundum, in a l)ath of 
iiiolteii cryolite contained in a carbon crucible. A large 
iiuiid)(‘r of ])at('nts have been issued, covering methods 
ha- the pre[)aratioii of aluminium ; but tln'si^ are fie- 
'pa idly so im[)erfectly d(*scribed, and tin* evidence of 
bu'ii- value so unsatisfactoiy, that it is dillicult to pass 
jalginent upon them. Until recently tln^ cominc'rcial 
l’i*'[>ara,tion of alundnium has a[>[X‘ai(*d to be intimately 
('<*inx;'et(Hl with that of the (*omnn*rcial ])r(^pai’ation of 
*^‘’'huin ; but, in view of tin* suci'ess of the electrolvtic 
^“' diod, this is no longer the ca,se. 

Properties. — The (X)lor of aluminium is like that of 
bti, and it has a high lustre. It is very strong, a.nd yet 
liialleable. It is lighter than most metals in common use, 
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its sjxM'ific ^T.-ivitv ‘2..^ to 2.7 aeconling to tlh^ con. 

ditioii, Avliilo tliat of inm is 7.8, that of silvc^r ]0.r)7, <||;,| 
of tin 7.0, and tliat of h'ad 11. d7. It does ]iot eliaii^v iu 
dry or in moist air; and in the eoinpaet form it docs not 
ai't upon uat(‘r c\cn at (dcvatcd tem])('ratur(‘s. It jiiclls 
at about 7l)() ’, whieli is hi^dnu* tlian tlie m(dtinp-])()iiil (.f 
zinc, and Iowan- tlian tliat of silvm*. Hvdi-ochloric ncid 
dissolves it with case, forming alnmininm chloride. \t 
th(‘ ordinary t(mi])matnr(‘s nitric' and sul])huric acids do 
not act Uj)on it; at hie,ln‘r temperatni-es, howeycn-, ;icl ion 
taki's ])lace, and tin' corres])ondino salts ar(‘ forimal. It 
dissolves in solutions of tin' caustic alkalies, formiiiL;' tlic 
so-called alnminatc's. It rcalm-es many oxidc's when 
heatcal w ith tlnnn to a sn llic-icmtl y lii^h tmnpc'ratii iv ; 
and is nscal in th(‘ ])r(‘pa ration of boron and silicon. 

Applications.- Tli(‘ imdal is used to a considcMaldc 
extmit in iln‘ ina^paration of ornannnits, and of iiscdnl 
article's in w liich liLfhtm'ss is a matte'r of importance', ;is 
in tedescope's and o{)era-<j,l assess. An alloy with a sin.dl 
pi'i'ce'ii ta«j;e ot silver is nse'd tor tin' be'ams of ('lie'mic;d 
lialances. Aluminium l)ronz<‘, which is an alloy with 
(-op})('r, is also used (tuite e'xtensived y. It will be a^ain 
re'ferrc'd to umh'r ( 'oppe^r. 

Aluminium Chloride, AlCla. — \\ lu*n aluminium Inelmx- 
ide is dissolve'd in h yd roeddorie acid a, solution of alu- 
minium chloride' is lorme'el, and from this solution a 
<‘omt)ounel of the' formula AKd, f- l)fl.,() caji be obfaiiie'd 
in crystal lize'd form. Jjike' calcium and magnesium cldo- 
rieh'S, this salt is de'li<tue'sea*nt. W hc'ii lu'ateel te) elriN «' oil 
the' wate*!’ the; salt condinds itse*lf like jnaon<‘sium e-hlo- 
jieh', but the; decomposition ijito the; oxide; aaiel h\(hi>- 
c'hloj'ic ae'id takers place; more e'asilv than that eef nia'^- 
nesium chloride. The reaction is re'pre'sented by tin; 
(;(piation 

2AICI3 + AI3O3 -f OHCl. 

Ihe dry eddoride is pr(;j)ared by the same method as 
that used in the; |)r('paiation of silicon chloride and boo >11 
(ddoride, viz., by passing chlorine over a heated mivtntr 
ejf the oxide and carbon. The chloride, being volalih'. 
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siil)liiut?s, and is dopositcul in tlu‘ cool ]);irt of the vessel, 
wIk'h [)iue, as a white hiniijiate<l erystalline mass, (hni- 
( r.illv, liowever, it is inori^ or less eoloiv'd in eonsecpienee 
;)[ the preseiiee of im])urities. W Ihmi exposcMl to the air 
it ;ittni(‘ts inoistnre and ^ivi^s olt hvdroehloric acid. It 
dissolves in wat(',r v(‘rj easily, with a niark('d (‘volution of 
Jii nl, hat, from what was said aho\(‘, it is (‘viih'iit that it 
,;iiiiiot 1)(‘ ohtahu‘d from this solution a;j;aiii hy (‘vapora- 
tioii. It is volatiliMvithont (•hang(‘. TIk' sjaseitie <^ravitv 
ot its va[)or has be (‘ii (h‘t(‘rmim‘d by dith‘r(‘nt ol)S(‘r\ (Os, 
;lii( 1, a iifoi‘timat(dy, with dilVoremt |•(‘snlts. Aceoi’diii^' to 
l)('vilh‘ and Ih’oost, it is sncli as to h'ad to tins formnhi 
AlJ’l,,. (,)nib‘ rectently, hoW(‘V(‘r, Nilson and retttnssoii 
liave Ibiiiid it to eoni'spond to that r(‘(]nii(‘(l by th(‘ foi'- 
mala AKU,, tladr d(‘t(‘nninations bavin;.;’ Ix'im made at a 
lii^lu'i' t('mp(‘rat a !'(' than those of l)<‘vilh' and Troost. 
Still lat(‘r d(‘t(‘rminat ions by (hafts a;.;ain l(‘ad to tla^ 
foi aiala Al/h,,. l'[)on tin' basis of tin' d(‘t('rminations by 
l)i‘\ ilh‘ and Troost, cln'inists hav(' foi- some tinn‘])ast as(‘d 
tla^ Idi niala Al./'l,. to r(‘j)r(‘S(‘nt tin' ('om])oninl. Accord- 
iii;4 to this, aluminium would ap[)(‘ar to be (piadrivalent, 
as iv])i’osent(‘d in the followini; foiinula for the ehloride : 

Cl . ,(h 

Cl A 1 -Al: (h. On the other hand, i]i a compound 
(1 \(d 

math' l)y i'e])laciii^^ the chlorine of this cldoride by certain 
oiyaiiic ;4fon])s tin' aluminium appears to be trivalent, as 
Japrc'sented in the foianala Aht’H.A,, in which tin' ^rou]) 
CM,, known as methyl, is univah'iit. hhirtln'r, tlie ])osi- 
boa of aluminium in tin' periodic system makes it a])])('ar 
‘wtit'iiK'ly probable that it is trivalent, and not (piadiiv- 
ahait. What, tln'ii, is tin' ('\[)lanation of tin'. disci-e])ancv 
ah()V(* noted in the evidence i’e;;ardini; the constitutioji 
<'t I he chloride? AVhen we <*ome to examine the conduct 
‘h ■iluminium chloride towards the chloriih's of other 
tals, and find with what ease it forms double chhnides, 
h Si'enis not improbable that aluminium chloride itself, 
‘d 'adinary temperatures, and even in the form of va})or 
■d hever temperatures, may be a compound of the same 
'*'d('r as the double chlorides. It lias been sue^Lmsted 
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that in these coinpoiincls chlorine is prohahly in 
bination witli chlorine, as tliiorine is Avitli tliioi in,. i,j 
drotiuoric acid, in such a way that two (^hltnimv 
can exert a linking function between two otlu i' .iloms 

bl 

Just as there is a compound of the formula A1 ( '1 

so it is possible that aluminium chlorides may li;iv(' (li,. 

constitution re[)res(‘nt(‘d by tlu^ formula A1 (('| i \| 

N(’lj 

in wliii'li tlu' aluminium is trivahmt. J)V r('])l;it iiiM ih,, 
cliloiiiu' in a com[)ound of this constitution lo ^roiijs 
lik(‘ nndliyl, wlii('h cannot (‘xcii the' linlviiig fiiiicliun, 
tla‘ pi'otluct would not bo a <loubl(“ compound. I'liidii r, 
by Ju'atiijg a compouml of this constitution it would 
])rol)ably dissociuto into two ni(»Iocu](\s of tin* .sintjilr 
compound A](d.,and it would l)o this wliiidi (‘onics info 
piny in clnmiicnl ronctions. Jn vii'w of the conllicliim 
stnt(‘ ot th(‘ o\idonco and th<‘ pin usi])ilit v of th(‘ .dioo- 
(w\ j)lann tion, tln‘ foimiula foi* nluniinium (d)lorid(' used 
here is tlu' siniphu* one. |>y menus of it nnd siniilni' toi- 
niulns for tin; otlnu' compounds of nlundnium, the rr;u-- 
tioiis of th(^ (demoiit can lx* o\press<Ml soim'whnt iiioii' 
easily and probably just as truthfully as by moans of tin' 
moi‘e coniplicat(‘d formula. 

Chloroaluminatos or Doublo Chlorides of Aluminium 
and Analogous Compounds. - Thos(‘ compounds 
been r('p(‘at(‘dly r(‘f('rrod to, nnd but vory little need he 
adihul to what has already bo«‘n said concmiiing tliein. 
In general, the (diloridcy b]-omidc‘, and iodidt' (d‘ aluniiiiiiiin 
i'ombine Avith the (ddorides, bromidi'S, and iodides ot tlm 
most strongly mai’ked nndals, smdi as ])otassiuiii .iini 
sodium. Those with potassium and sodiujii hav(' tlm lei- 

('I 

mulas AlCl3.K(T and AlClj.NaCl, or probably A1 t i 

(bljlv 


Cl 


and Al, (T . The fluoride forms two comj:)oiiiidH 
\((;l,,)Na 

with i)otassium fluoride and two with sodium fluoihh'- 
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Xli(‘S(5 liiivo the compoHition represented by tlie for- 
A\F,.2K1\ AlF,. 2 NaF, and A 1 F,. 3 KF, AlF^dWaF, 

/I' 

( (FAK and 

dhjK 

\] The tri-sodium tluoaluminate is the min- 

'"''(hjK 

<M;il t r\<)lit(‘, \vlii(;]i occurs in sucli ]ar<^(‘ (ju;intitv as to 
1 „> r\|)()i-ted, and form the startin^-[)oint in the pr('2)a- 
rutinii of aluminium and (nam sodium compounds. A 
iiu'thod lor niakin;^ sodium carlxmatt' fi’orn crvolit(‘ lias 
ali(^i(l\ hcmi d(‘Sci‘il)(‘d. Us use in the [)n‘pa I'al ion of 
aliiiiiiiiiiim compounds will be taken up as far as may be 
ut'ccssarv in this (diajiter. 

Ik sid(‘s tin' compounds with im'tallic chloriih's, alu- 
111 ill ill! II (ddoridi^ also forms con ijion mis will) the cdiloiid"s 
of tli(‘ acid-foi’ininp; (‘Imneids. Such, for (‘xamph*, are 
dll' coiiipomids with suljihnr t(d raiddoridi' and with 
[ihosplioi'us pentach loiid(‘. 'I'ln'si' ha\a' the composition 
ivprcsiMitiMl Ipv th(‘ formulas ( AKd. ).,S( ' 1 , and AU'l.IH’h,. 
lilt' latter may in' the chlorim' anah»i:;ue of aluniininm 
I'liosj »liat(‘, A!lH)j. ll th(' oxvot'U in the [)hos])hate 
'^lioidd h(‘ rt'plact'd by an (‘ipiivalt'id tpiantity of cldoiiiu', 
tilt' ri'sidt would be a compound of tin' formula AllM'h, 
wliieli is (hat of tin' al )o\(‘ compound, d'ln'si' donlile 
rlilt >1 id('s, lik(' tin' chlorich'sof thi' ai'id-torminL;; ('lenn'iits 
ni ^t'lK'ral, ari' ('asily d(*i*ojn jiosi'd liy w ater, \ it'ldinj^ the 
^'oirt'spondino oxyo-t.n compounds. A com])onml iiiti'r- 
^iit'(|i;[p» l)(>tw('(*n the ox \i;('n and the cldorini' compounds 
i^tliat torined hy tin* ('ombination of aluminium chloiitle 
'^hli phosjihorus oxviddornh', which is r(']uesented by 
til" f..n„„hi All’Oei^, or Al('l,a‘()('l,. This imm.v !»> re- 
" ii'h'il :i,.s iiliniiiiiiuin |ilu)S])li:it(‘, in which (lire*' of the 
atoms haye been replaced by six (‘lilorine atoms. 

Atcininium Hydroxido, Al(OIT):i.^ — Normal aluminium 

'hoxido, AI(()H).„ occurs in nature as the mineral hy- 
^^''‘'kiillite. It is preci])itated from a solution of alu- 
^^hiiiujii chloride l)y ammonia: 

AK'l, + SNII.OH =: A1(0HX + 3NH,0I. 


the constitution expressed thus, Al 
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Obtained by preeipitatiou it forms a gelatinous mass 
wbieli is suggestive of starch-paste, and it is on tliis 
account extremely dilHcult to wash it completi ly fio^ 
from the substances in tlie solution. It dries in tin' air, 
forming a gummy substance which has the coii]|i()si(i,)ii 
A1(()H),. AVheii lunated under proper conditions it loses 
water, and forms the compound AlO,H : 

A1(()H). AlO.OH + H,0. 

This compound is found in nature as the mineral dius- 
porin If heatrsl to a higher temperature it is converted 
into tile oxide, Al.A^g • 

•JAhOH), ^ A 1,0, j- dH,(). 

Tn the conduct of tin' (*hloride and of tin* hylroxiile 
aluminium exhil)its a certain res(>mblanc(* to Ixudii. The 
acidic chaia<‘t<‘i’ <»l' tin* latt«‘r is, liowc'ver, moni shoiiuly 
marked than that of the former. Jloron chloridt* is moiv 
(*asil\' d('compos(*d 1)\' watc*!’ than alnmiiiium cliloi idt*, 
and, as tin* decomposition takes place at tin* oidiiiiii'v 
tr*m j>erature, tin* product is the hydroxiile insti'ad o! tlio 
oxide, as in the case* of alnmininm. d'ln* hy<lin\idi', 
B(( ) H K,, r('a<lil V los(‘S wat(*r and torms m(‘taborie ;n id, 
which in c<im])osition is analogous to dias))or(' ; and at 
higln*r tem[)(‘raiure tin* oxide, Jh.O,, is tormed. 

Ilesides tin* normal hydroxid(*, Al(OH),, and tli;d 'd 
tin* formula Alt )(Oll », there is a third oin* know n. | 
has the c< >111 posit ion Al. ,()(() li)^, and, as is ])lain, is d* ’ i^o 
fi’om two molec ules of the normal h)'droxi«b) b\ l('^s e 
one moh*cul(* of wat<‘i‘ : 

2AlS()|l ^ l[d>Al-0-Al<l]|| + H,0. 

This has been obtained in solution; or, i’ath(*i, it 1'*^ 
beem obtained by (‘vajaoration of a sedution of h\di<'^^' 
made liy continmnl boiling of a solution of basic .n • t*' ^ 
of aluminium which decomposes into hydroxide an 
acetic acid, the latter then evaporating. Irom t 'l 
solution, by evaporation in a water-bath, the abo^e 1 } 
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iljoxidB is obtained. As already stated, l)au\ite is, in all 
pj'oh.ibility, a compound of this constitution combined 
witli a, similar hydroxide of iron. A liydroxide of the 
same cajmposition is obtained when a solution of the 
lioriiial hydroxide in caustic soda is boiled vvitli am- 
iiiouiiim cldoridi^ The precipitate formed in this way is 
],()t -elatiiious, and, when dried, it has the composition 
AldHOH),. 

1 lie pKipjii ation of alumiiiiiini liydroxide from natural 
(•<)iji|)(miids of the elenumt is based upon the fact that 
aluiiiiiiiiini oxide forms with sodium a soluble compound, 
and lliat this is decomposed by carbon dioxide with pre- 
cipitation of the hydroxide. Th(‘ sodium compound 
foiiiKHl has probably the com[)osition Al(()Na),, being a 
salt of the normal hydroxide. When this is treated in 
solution ith (‘arbon dioxidi', the de(‘omposition takes 
places as represimted in this eipiatioii : 

‘ 2 Al(()NaX + + ‘W./> = :iNa./A)^ + 2A1(()H)3. 

Wlion cryolite is ignited with lime, the products are 
proha]»ly calciunr huoride, sodium oxide, and another 
variety ol sodium aluminate : 


+ 3Ch( ) r : NaAlO, + Na,0 + 3CaF,. 

}yii(n tho iiijiss iM treated witli water, tlie ealeium tluor- 
remains undissolyed, while tln‘ sodium and aluminium 
Will the coni])ound Al(()Nay,. ddiis undm-gties decompo- 
as al,„ve represeiite.l, when treat(‘d witli earhou 
' I'vo vahialile products ahiiiiiniuni hydroxide 

‘‘'■'1 sodium earhonate- aae tiiiis ol)taiiied. 

Ill oidei to pre[)are the hydroxide^ from bauxite, this 
p a n ted to JdgJ, teniperatiux; witli sodium carbonate, 
a ( I extiacts sodium aluminate, from which the hy- 
proci^iitated by means of carbon dioxide, 
s I'liiiinum hydroxide forms the material for the prep- 
aluiu*"t^^^ ^l^iiiiinium salts; as, the chloride, sulphate, 


— When sodium or potassium hydroxide is 
(Iro ' aluminium salt, aluminium hy- 

1 is at tirst precipitated, but au excess of the re- 
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ageut used dissolves ilio precipitate. This action is the 
same in character as that whicli takes 2)]a(;e in the case 
of giiiciiinin, and is due to the acidic cljaracder of ;i],i 
miniuiii li vdroxide. it is pnjhahit' thni in sohitid]! tlio 
acfioji witJi potassium ajid sodiiuii hydroxides is of (]ie 
same kind as je])resente(i iji tiie equations 

Al(()ll), + :]KOT[ r : All OK), + and 

AlfOIl), -I - dKaOlI : Al(OKa ,)3 + m/). 

On evaporating the solution of tin* potassium salt, Low. 
ever, the j)rodiict obtained has the formula AIO.OK. 
and is j)lainl 3 ' tlui salt of the hsdroxidci AlO.OH, w Indi 
may bo called meta-abntiinic acid, to suggest its aiialonv 
to ni(‘tabori(; a.cid, l>O.OFi. WInoi aluminium 1 j 3’(] roxidc 
and sodium ca.rboiiat(i are JiielttMl tog(*tli(U', tin* salt 
AlO.OKa. is formed, as has l)t*eu shown b>' d(d('rr)iijjiii^f 
tile amount of carbon dioxi<l(‘ gis'mi oil* when a known 
Av<*ight of th(3 hvdr<r\id(‘ is <'mplo\('d. A\’lnm, liowcvt r, 
tlui solution of tlie livdroxide in caiislic. soda is (oap- 
orati'd, the salt Al(()Xa,),, is d<‘j)osit(‘d. 

Tliese salts are very unsbabh', though tlnur solulioiis 
can be boiled without uinhu’going (h*coniposition. Car- 
bon dioxidt^ (h‘com[)os(*s them at oina* ^vith pri'cipitalioii 
of aluminium livdroxide, a,s was statial in d(*scribiiig the 
iindhod for tin* pr(*paration of the. li \ (1 i‘o\i(h* from ci xolitc 
and from bauxiti*. Similar salts a,n^ foimied with calciiiin 
and barium. Among tln*m may lx* mentioin*d those* ol lli<‘ 
following formulas: ( ’a.,(Al()p,., ( -ai Al( Ba,(Al()A’ 

Ija( Al( Tin* calcium salts an* insolubh^ in water, ami 

some of them Ixiconn* hard in contact with watr*!'. \ kt ) 
are tln‘r('f<jre of importaiici*. in the; manufacturi*, ol liy- 
draulic ('(um'iits. ^The barium salts are soluble in wataJ. 

Alany aluminates occur in natun*, forming tin* im|)crt- 
ant group of iiiiin‘ra.ls known as the .spinels. Of tln'sr, 
nel itself is the magnesium salt of the hydroxide* AL kClb 

Mid is represented lyy the formula yl ) ( J ’ 

Mg(AIO,),. Chrysobei’yl is the corresjionding glnclninii 

salt 01(Al(),)y and gahnitc* is the zinc sa.lt /n(AHd/ 
These salts are (extremely stable, ditfering markedly m tl"'’ 
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r, spiH't from tlioso ab(>v(3 roforred to, wliicli are iiiado in 
tli(* ].‘Ll)orjit()ry. Tliey am decojiiposed ])y lioatin^ thoin, 
ill tiiudy powdemd noudition, with primary or acid po- 
tassium sulphate, tlie action of whicli was described on 
|,. p.tl). As will be seen farther on, then^. are otlnvr salts 
siiiiihir to tlie alnniiiiati'S in structure which occur in 
nature. Among these thm-e may be mentioned h(*re 
rhi'oiuic iron, or chromib', whieh is an iron suit of a bv- 
(lioxide of cliromium of the fi)rmula CrO.OlF. The salt 
is to lie ri'garded as made up acconling to the foimiula 

( V( ) ( ) -h e((.u b urthm’, magni'tic* oxide of 

inui or magnetite, be^O,, is ri'garded as belonging To 
the same group, and its constitution rejiresented thus: 

leO be(b(‘OJ,j; and there is also a compound 

of magnesium, )'|)> l^or the saki^, of eiiyiha- 

siziiig tln^se aualogi(‘s, tin' formulas of tin' comjiounds 
above iiu'iitiom'd ai’i' In're ])resent(Ml in tabular form : 


rotassium aluminati', . . 

Sodium aluminate, 

Calcium aluminate, . 
Barium aluminate, . . . 

Spinel, 

Chrysoberyll, 

Gahnito, 

Chromite, 

Magnetite, 

Maguesio-ferrite, . . • . 



ihere is a highly instructive analogy between the 
^ ^^Juiiiates and the doulilo (ddorides and other similar 
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(M)iii]) 0 Uii(ls. In ^"Oiiernl, nhuniniuni hydroxide ncis iq,,ni 
the hydroxides of the strongest hnsed'orwing 
to form nhiniimites. So, also, nliiiiiiiiiuiii chloride .ici^ 
upon the (‘hlori(l<‘S of tlic b;iS(^-foriiiiijo 

iiieiits to form ilouhic cliloridos. J3y mt 3 ltiiig 
.Liuminiiim livdroxidi and ])otassium or sodium liydrox, 
idc, c()m])ounds of the formulas AlO.OK and Al().()N;i, 
are forimul. So, also, by irndthij^- to^etluu- alumiiiiuin 
chloride and ])otassium or sodium chloride, compouiids 
of the formulas AlCl^K and AlCl^Xa are formed, (om- 
])arinj^ these ()xyp;en and chlorine compounds, it is cK ar 
that th(}y are analoj^ous. II tln^ o\yt;(‘ii of the toriiKa' 
is re|)]aced by an (‘(juivahmt ([uanlity of chlorine, tin* 
chlorine compounds result : 

KAIO.. KAKI, 

XaAKb XaAlCl, 


Or, if their constitutional formulas arr* written in accord- 
anc*e with thc! vieiws already expia^sscMl rt'^arding tin* 
double chlorides, the analo<^y is also seen, thus : 


A1 


A1 


O 

OK 

O 

\,()Na 


.(■:i 

AI( Cl 
N<'1,)K 
/Cl 
AO Cl 


The compounds of the same order as cryolite have thoir 
analogues in such oxygen compounds as Al(ONa)^, etc., 
as is shown by the following formulas : 


Na,A 103 ; Na.AlF, ; 


/ONa y(h\)Nn 

Al( ONa; Al( (F,)Na . 

^ONa \h\)Nii 


It is not improbable that by fusion with other chleride^ 
besides those of potassium and sodium, aluminium ( hle- 
ride will be found to yield other double chlorides anal'> 
gous to the spinels. According to what was said 
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tlisctissiiig the subject of double chlorides in general, 
tlirf'C series of sucli salts may be looked for, correspond- 
ing to the formulas 


/(d /Cl ACKW 

A1 Cl , Al:^ ((d,)Ar, and AC (C1,)M ; 

nii<l representatives of all thes(‘ classes are known. Oxy- 
gon eonipounds corres])onding to the tirst and last of 
th('S(' have been nnuitioinMl. As an (‘xain])le of an oxygen 
(‘oiiijtonnd corn'sponding to the second one, barium 
nluniiimte, of the forinuln, Ihi.AlA)^, may In^ cit»Hl. 

Aluminium Oxide, Al.O,. As has lunm stated, the 
()\i(l(‘ is formed l)y heating tln^ hydroxidm It is found 
ill ii:itnr<‘ in tin' foinn of ruby, sa|)])l)i]*e, and corundum, 
ttii' iiatui'al variidv is extrenn'ly hard ; and granular 
corundiiin, >yhi(di is known as is used for polish- 

ing. d.lie r('d color of tin' rul>\ is caiisi'd by tin' presence 
of a trace of a chromium compound ; wliih' the blue color 
of the sap])hire is probably du(‘ to the presence of 
a tracer of a cobalt compound. Aluminium oxide is 
intiisibh' in the hottest furnace, firi', but it melts in tln^ 
tlame of the oxvhvdrogi'n blow-pip(', ainl on cooling it 
h('(‘( lines crystalliiK'. JK mixing it with various easily 
iiisihh' substanc(‘S and heating, it is obtained in the form 
ot crystals, and by adding certain metallic oxides these 
crystals can be <*olored. In this way artificial rubies and 
^ap})hires have Ix'i'ii pri'pared, whiidi have all the [iro])- 
<‘rti('s of tin' natural oik's. Wln'ii tin' oxide is moisti'in'd 
'vitli a t('w drops of a solution of cobaltous nitrate and 
tlicii ignit('d,it turns bbu'. This fact is taken advantage 
111 cln'inical analysis for the [uirposi' of detecting alu- 
Jiniiiuin. WIk'U the oxidi' is made by gi'iitlv igidting 
dll' hydr«)xiih‘, it dissolvi's in strong acids. If, liowever, 
d is heati'd to a high temperature, acids will not dissolve 
d. The natural varieties of the oxhh', further, are not 
^<'hil»lc in acids, lly fusion with acid ])otassium sulphate 
insoluble aluminium oxide is conyerte<l into a soluble 
Ill pound. 
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Aluminium Sulphate, ALi(S04)3. — This sjilt is mnilo hy 
(liss()lviii{^^ tli(‘ hydroxide of aluiniiiiiim in dilute siilpluij j^, 
neid, and evaporating^ to crystallization, when a salt of 
the co!iipH>sition Al.yS()^\ lSH.j() is dej)()sited. AVlu^ji 
heated tlie salt los('s its water of crystallizatioji, and, if 
tln^ temperature is raised to that of red heat, tlie anliy* 
drolls salt is decomposed with loss of sul})hur trioxido 
and formation of aluminium oxide. This decomposifinu 
is, howevin-, not compIet«‘. Th(‘ sul])hate is maiiiit'actiiivd 
on the large scale for various purposes, as, for exanifih', 
for a mordant, for sizing pa[)er, (din 
Basic Aluminium Sulphates. — A solution of ordinajv 
alumifiium sul[)liate lias an acid reaction, and lias (lie 
fjower to (HssoIm* imdais, sucli as zinc, and Ijydi’oxidcs, 
su(‘h as aluminium hydroxidm lum a solution of (in^ 
sul})l)ate is (nnated u ith tln^ hvdroxidi', a basic salt of 
the formula At,()pS()^).^ -f' formed. This slioiild 

('’nSO 

[)rol)ably be represented by the formula A 1 - () ' ' " or 

(oil 

AlfOlliSO,. Another basic salt has tlie foiniulii 
(A 10 ).,S()„ the salt bidng diudvial from tlu^ liydroxidi', 

Al( ).( )TT, as r(‘pn'S('nt(‘d thus : yjj ) foi iiu'r 

salt is soluble in water. A\ hi'ii, tlu'ri'fore, a sedution of 
sodium or ammoidum ca/rbonaie is added to a siduiiea 
of ordinary aluminium sulphate, the first portions of liy- 
droxidi‘ xvhieh ar<‘ picci[)ita.ted laulissolvi^ in th(> <‘Xcoss 
of tln^ ordinary salt. Ther(‘ are other liasie salts, soiiio 
of Avliiidi oiamr in nature. 

Alurms. — When a solution of aluminium siilpli.do is 
brought tf)g(‘tli(U’ with a sididiou of ]iotassium sulpl'-dc 
in the ])ro[)ortiou of their molecular weiglits, a salt 
crystallizi's out wliich has the eompositioii rejin'soiitod 
by the formula 

KA1(S0J, + 12H,0 or K,SO, -f- A1,(S0,)3 

The most rational view wluch has been expressed I’l - 
garding this compound is that it has the constituiiuu 
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.O^Al, with perhaps some of the so-called water 

of Cl yshilli/ation |)resent in the form of hydroxyl. This 
suit, which has lon^^ boon known under the name of (ihnn, 
is th(' typo of a class of similar com[)oiiii(ls, all of whicli 
•iro culled alums. Thoso alums may bo ro^ardod as 
(huived from the ordinary form by rojilacin^^ the potas- 
sium hy sodium, ammonium, or any otlnu* membei* of 
tlu' sodium ^^roup, besides some other nietals. Thus a 
series of alums is obtained, of whicli the following are 
exMiJiplos : 


NaA1(S()0, +12H,0; 

LiAhSOJ, +12H,.(); 

(NK;)Al(S(),X-i 1211/); 

CsAliSOp, 

TiAi(S();h 

Ai^uiin, alums are derived from the ordinary form by re- 
]il:iciiig the aluminium by some otlier elements whicli 
liavc the powiu' to lorm compounds resembling those of 
uliiminiiim, as, for exaniph‘, iron, chromium, jiiid man- 
guii('S(\ Sucli alums are thos(‘ re[)res(mted by the follow- 
ing formulas : 


KIV(S()A, f 12H.O ; 

KCr(S(h), -I 121b(); 

KA[n(S(),), I T2H/). 

hi each of these, again, tlie potassium can be replaced as 
111 th(i case of ordinary alum ; so that the class includes 
n ‘''>ii(j);n\‘itively large nundier of salts. All hav(‘, certain 
ri()p(*iti(^s in common. They a, re all soluble in water, 
nil* I all crystallize in the same forms, whicdi are regular 
^’‘‘tahedrons combined with (‘iilx^s. If a crystal of one 
‘li'iiii be suspended in the solution of any other one it 
^bll continue to grow. Tli(>y an^ all strictly isoinorphous. 
principal alums containing aluminium are those of 
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potassiiini and ammonium, both of which arc inaim' 
tured on the large scale. 

Potassium Alum, Potassium - Aluminium Sulphate 
KA1(S04)* 12H,0.~ ()rdinary alum is found in naim^! 

in sonic volcanic ivgions. The inimu-al alimitc, ulii, ], 
a basic salt of thi‘ formula K(^A1() ).^(S( j :{}i o 
jHU'liaps K| Al(()r[)J,(S()J.^, occurs in largm* <i iiaiilib,!! 
Wlicii this salt is lu'atcd and trcatial with \\at(>i-, oolinan 
alum dissolves, and is easily obtained from tin* soIntiMn 
Another sourct* of alum is (tlnm shfdr. d’liis occiirs in 
large {juantitics in nature, and consists of con |, d;, v, 
iron j)yrit('S. When it is heat(Ml in contact with tlw air 
th(‘ coal bui’iis, as do also th<‘ sulphur and p\ ri(( s, ami 
sulphuric acid is lornuMl. W hen allowml to li(‘ for a (ime 
in contact with the aii* tin' iron pyrites is con\ert(M| intd 
sulphate ainl sulphuric acid, ddie lattm- acts upon tlir 
c*lav or ahnuiuiuui silie;it(‘, foriuiug aluiuiuiuiii siilpliati, 
from which alum can easily Im* manh*. it is (aisici' (o 
treat the shale and similar siibstaina'S with sulphiiiic 
a<‘i(i direct I \', a in I this ui et hod is no w g( ujeia 1 1 \ (*/u p h c (d. 

Alum disso]\es readil\- in hot water, '>d7.d parts of dm 
crystallized salt dissohing in iDi) parts of wat(U‘ at KHI 
At 0 Only d.tl pa rts dissobe, and at tin* ordiiiaiw triii- 
})erature about i'J parts. It cr\ sta I li/es Ix'aiitifiillv in 
regular octa hedrons, (x-casioua II \' w ith cube faces deoi- 
o[»e(l on tln'iu. [ u(hu‘ some circu iiistauci's it ciw sta 1 li/t s 
in cubes. When heati'd, alum melts in its watei' "1 
ci’y sta 1 1 i/a t ion, a nd if lu'ated to a sutlicii'ut 1 \' high icin- 
]H‘)’atu r<‘ the water pass('s olV, h'aviilg (thfiu. Hentol 
higher tin* salt d(*com pos(‘s, foi uiiiig aluiuiuiuui oxidn 
ainl jM)tassiuui sulj)hat<‘, and tiually potassium aliiminntn 
IS lorun'd. \\ hen potassium hvdroxidig ammonia, "i 
tin' carbonate ol potassium, sodium, or ainmoiiiuin, is 
added in small ipiaiitity to a solution of alum the pu'- 
ci]»itatc^ llrst formed r('<lissol \ (‘s. If this is coiitinncil 
until tin; n'action is in'utral, or until a- ])oint is reaciiml 
beyond which tin; addition of tin; inuigent ])ro(bn c'^ n 
pri'idpitatr; wlnhdi does not rc'dissolvcg tlimv; is tlnui < "ii- 
tained in tin* solution a basic, comjiound, known as 
ahftftj which pi-obably has the (aim position K./Al,/) ' 
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Win M the solution is boiled the salt coiitMiiied in it is 
J(n'()iiiposed, I'orniin^ ordinary alum and another basic 
jduiii which is insoluble : 

HI K.XA1,0)(S0,) J - K(A10),(S(),),+ 3KAl(SO,), + K,80, 

Tin' insoluble compound is hnown as imohihle ahnn. 

Alum crystallized in cubes is <)l)taiiied by eva|)orating a 
sohiiiou to which some sodium oi* ])otassium (*arbonate 
li;is heeii added. Alum is used V(‘ry ('xteiisivelv in the 
|)ro]):iiatioM of ])i;^'ments, as a mordant, in the sizinj^ of 
]);i|)('i', for clarifying; water, cdc. 

Ammonium Alum, Ammonium - Aluminium Sulphate, 
(NHi)Al(SO»). + is in (*veiy way much like tlu‘ 

potassium com])ound, and can In* us<‘(l in place* of it for 
aliintst all ])ur])os(*s tor wliieh alum is us<‘<l. It is soim*- 
wliat more (*asily soluble* tlian oialinary alum. As it is 
(■ln‘a[)('r than the latt(*r it is lar^(*ly manufactured in 

[ilanc of it. 

Sodium Alum is much more* e*asily se)luble* in water 
than ('itlie*)’ ])e)tassium e)r amme)nium alum, and this 
iiiake's it elillieiilt te> [)iT*pare* it in ])ure enmelition. Tt is 
tlinrcfore* jie)t manufacture'd, altlieuioh se)elium com|)oun(ls 
ai'(* «‘ln*ape'r than the)se' eef e'itlu'r ])e)tassium or amme)nium. 

Aluminium Silicate. — It has be‘e'n state'el that alumin- 
iiiiii silicate* e*nt(*rs into the* e'omposit ie)n e)f a numbe*i‘ of 
iiiiportaut minerals. It e)e*curs in e*rie)rme)us epiantitie*s 
111 iiatiiie*. The* most i.n])e)rtant eif the* mim*rals e*oiitain- 
it are* the fe*hls|)a I's, e>f whie*h e)relinai‘\ tehlsjiar, 
nnel albite*, e>i’ se)elium fe*lels])ar, XaAlSiA),, are* 
bin most ahumlaiit. Tbie*se* aj^ain (*nte‘r irite) the* e‘omj)o- 
^iboii of granite* te)^u*the*i' with epiartz ami mica, and mica 
itsclt a ehinble? silie'ate* eef aluminium. As remarkeet 
'>11(1(1- Silicic Acid (whiebi se*e*), the natural silicate*s are* for 
bln most pait salts e)f pe)lysilicic aciels whieh are eh'rived 
^'""1 <>rtln)silie'ic aeiel by h)ss e)f \vate*r fre)m twe) eu* nioi’e* 
iiio|c,.ul(*s. Up [,() the ])re'se*nt but little nie)re has l)e*e*ii 
(lone with the many natural silie-ates than te) eh*te*rmine 
bi' ii percentajjje conipositie)!!. It appears probable from 
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what has already been learned re^^arding their eonstitu- 
tiou that invostigatioiis in this direction will befoo' 
yi(dd interesting n‘sulis. As yet, however, tlu‘ iiictliods 
for such investigations are quite iinsatisfactoiv, owiuu 
largely to the facd- that the coin|)omids are so extifMiich 
stable tliat but few reagtuits d(‘('oni|)ost‘ tlieni, ;iii(l jf 
are decoiiJ[)osed at all, the products ar(‘ such (Jiat 
1)0 conclusion can be drawn regarding the constitution, 
A careful stiuly of th(‘ relations in whicdi minerals ocrnr 
in nature will undoubtially b(^ of assistaiu'e, as this will 
throw some light uj)on tln^ conditions under wliicli tine 


were formed. 

One of th (3 most common de(*oni[)ositions of mineials, 
constantly taking ])lace, and that has taken place to an 
enormous extent, is that of hddspar. IJndt'r tiu* in- 
timmce of nioistur(‘ and tli<‘ car))on dioxide' of th»' air, 
this substance’; sle)\NlN' ele‘e*e)in jieise'S, the' jirexlucts hi iiu; 
niainlv ])e)tassiuin err sexlium silicate ami aliiiniiiiuiii sili- 
cate. * Th(' salt e)f tlie' alkali me'tal, juincipally ])oh's- 
sium, ix'ing solulde, is cari'ie'el away, and finds its wa\ 
into the soil. The silicabmif aluminium is not soluble', 
but it ('asily feirms ('inulsiems with wate'r, aiiel is thi'ie'- 
tbre e'ari’ie'el elown the sieh's e)f the* liills and meiunlaiiis 
ujion wliiedi it is formeel into tlub valleys, ami much ol it 
tinds its wav inte) streams. Home'tiim'S this caiuxiti^^ 
awav is preventeel, ami then large' be'els e)f ceunparatively 
])ur(' clay, known as kaeeline, are' toi'uie'el. d In' ck'^.' 
found in the valleys is always iimix^ or h'ss impure' ami 
ce)h)reel. 

Kaolitie . — This is th(3 purest te)rm of aluminium sili- 
cate fe)und in nature'. It always contains wate'r. Its 
(composition varie's, seimec sjx'ciim'ns on analysis giM'it^ 
residts whicli head to th<3 feirmula Al,(Si(),)„ lH f k 
acceirding to whie'h the substances is the salt of noima 
silicic acid, 81(011),. (dther specimens haves the comp"' 


OH 

O >l-fH,0* 


sitioii HAlSiO, ~\- H,0, e)r 8i 


A\'lieJi 
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Ih.;i[(h 1 Jilone kaolino does not melt ; but if feldspar is 
a(l(l(Ml to it, the whole melts, and forms a translucent 
mass known as poi'celain. Other substances besides 
f(‘l(ls|):ir may be used for this [)ur])()se. 

C7e//. — Ordinary clay, as has been stated, is a name 
j^rivcn to the impure varieties of aluminium silicate which 
have been canned down from the |)lace of formation. 
Aiiion^ the, substances besides aluminium silicate found 
ill clays are calcium ca,rl)onat<*, ma^ou'sium carbonate, 
sand, and hydroxides of iron. Tlui color is larj^ely deter- 
mined l)y the amount of the hydroxides of iron pi*esent. 
Tli('. bett(cr \ari(',ties aia^ us(m 1 in the manufacture of the 
so-called “ stone-ware,” ^as-retorts, and fire-bricks. The 
colored varieties are used for making ordinai'v (nirtlien- 
wao' and bricks. Marl is (day mixed with considerable 
([uantiiies of calcium carbonate. 

(I If ra ina n ii (‘. — The substanc(> o(‘curring in nature and 
hnown as lapis lazuli consists of a silicate of sodium and 
almninium together with a sulplnn* compound, probably 
a [)()l ysulphide of sodium. The coloring matter, known 
as ultramarine, obtained by powd(U’ing it Avas fomnerly 
V(‘rv ex[)(msive, l)ut it is Jiow mad(‘ artificially by the ton, 
and the col or of the artificially prepared substance is 
ev('n more Ix'autiful tban that of the natural. A great 
deal (d* work has beiui dome in the way of investigating 
tlic clnunical constitution of (dtramarin(‘, but tin' ])roblem 
his not ycdixnm fully solvml. Tin* artificial pre))aratiou 
IS (>ll(H'ted by nudting together kaoline, anhydrous so- 
dium caibonatie, and sul 2 )hui’; or clay, calcined sodium 
^'d[)liati', jind charcoal. Tly varying the conditions of 
die pi’c'paratioii products of difbu’eiit colors are obtained. 
Ix sidos the d(‘ep-blu(' ultramarine, tlnu'e are uoav jnaiiu- 
f<n‘liir«‘d ultramarines of difhuamt shaih's of blue, and a 
yiiM'u variety. A Avliiti*, a lanl, a yellow, and a. violet 
^-iiirfy a,r(^ also known, ddu^ substance^ Avhicdi givim to 
'dti;i marine its color is destroyml by aidds, but not by 
'dk.ilii's. It can be heattal in a (dosi^d V(‘ssel Avithout 
■ hiiigo, but if heatml to a high temperature in the air or 
ni (»\ygen the color is destroyed. 
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I’ltniiiiarino is now inanufaetiired in very 
tity— accoi'diiijr to a. racjiit report, to the ex'teiit of 
DOOO tons a year. It is tlie most extensively use, I l!| 

eoloi'ino niattiT. ■" ’ 

I‘„r,rh,:„. - It was stated above tliat wlien kaoli,„, 
lieat(‘d alone it does not melt, Imt that if l'elds|i,ii' j" 
added to it, or if that fontnl in natni’e eontains 
as is freiinently the ease, it eitlier fns(>s together 

a eon.paet mass, ,,r it Its and forms a transi, 

mass, i'iiither, wh.m kaoline or anv other vanVlv nf 
elay is mixed with water, a plastie ‘snl.slanee ivsiilts, 
wliicli can |>(> knt^adtMl ninl workctl inf,, anv ,l,ysiiv.l 
form. These facts form (he basis ,,f tl,e mannVae,, 
earthenuare, poredaitj, et,-. d’he ea.se with wliieli 
mass melts depends upon the pnanlitvof feldspar „r 
other Hux added p, if. |f |„|( lit/|,, j.s p 

with dillieulty ; if niiieh is added it nndts i-asilv. 

In the niannfaetnre of (he Hnest kinds of' poveekiiii 
kaoline is used. This is .eeiK'i'ally mixed with a litlir 
bddspar or elmik, gypsum or some otliei- lliix, and s.iml 
is also added. ,VII th<‘se substances nnis( be ver'\' iimiv 
ttronnd. The mixture is then worked iido tin- (lesiiei! 
forms, and earefnlly di-hsl. .Vfter tlm objects are drici 
they are next bnrneil, (irst at a r.nl heat ;it which (iir 
mass lamoines solid, aftci’wards at a white heat for (lir 


piir])oseof forming' a pdaz<' U|)on tin' snrf.ace. Tlie prnd- 
net after the (irst bni-niii,e is that whicdi is fandliai as 
poi’ons earthenwar.' ; (hat formed in tln> second biiinine 
IS the porcidain with pdaze as it is comiiioidy used. 

Ill order to loriii tli<‘ ^daze upon the porcelain lia' 
lioroiis earthenware (irst formed is drawn throiiph a 
vessel coiitaii]i),e propin' materials in iii](dv powah ini 
comlitioii and suspended in watm-. The matm'ials N-td 
ale eeiierally the same as thosi' used for tin' jiori a lain 
itself, blit they are mixed in different proportions, I'ilk 
less kaolin, and more sand a, ml feldspar, so as to hi 
more easily fusible. After this tri'atnient the objcrls 
are aeain headed to a hi,,di temperature. 

hai'lhniv'drc. — The ordinary varieties of oartheio' iiv 
are made from varieties of clay which are nnicli less pan 
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tliaii kaolinn. Ordinary colored clay is used. Tlie ol)^ 
jrcls iivi' formed, and then sul)ject(Hl iu g(‘neral to tlu^ 
saiiK' kind of treatment as porcelain. They are }^daz('(l 
ill (lifiV'L’mit ways. One method consists in brin^dnj^^ tin' 
imderial on tlie earthenware' Ix'fore' it is Imrm'd ; 
aiiotlici’ method consists in [luttin^- tin' objects in tlie 
fiiiiiare without a ; 4 la/(% and towaials tin' emd of tin' 
tiriiii; proce'ss sodium chloride' is thrown into the' fiir- 
iijicr, and is thus brouj^dit in e'ontne*t with the A\ar(' in 
th,' form of vapeor. A che'inie-al e*hanu;e' take's place, re- 
sulting in the' formation ed‘ a silie-ate' e)f aluminium and 
sodium upon tin* surface'. Tlds melts, ami fe>rms a p^laze*. 

briel^s are the* me)st e*onime)n \aide'ly of unp;laze'd 
(■artlicliw ai‘e'. Owilip,^ tee the* ] ere'Se'lice' eif eitln'T sub- 
stainu'S lu'sieh'S aluminium silicate', as, feu- e'xample*, e'al- 
ciiiiii e'ai'honate', tin' mate'rial is e*( >111 parati\ e'l v e^asilN 
filsihle'. 'The' e'oleer eef lerie'ks is larj^e'ly ellle* to the' ])les- 
( tf ( )N.lele'S ed' i I'e ui. 

Ileactions of Aluminium Salts which arc of Special 
Value in Chemical Analysis.— Pofassi u m a ml smliinn Inj- 
• h'lij'iilus pre'e'ipitate' aliimininm hyelreixieh', which is solu- 
hl<' ill an e'xcess eif the' I'e'ao'e'iits. 

Annntniid pre'cipitate's the* hyelreexieh', whicli is eunly 
slightly soluble' in an e*xe‘e'ss e)f the* re'aj 4 ;e‘nt. 

11 ijd I'ixfoi sjiJphidv anel Vdrhon dloxidi' ] u‘eci])itate alu- 
uiiiiium hydreixiele' freein a se)lntie)n e)f an aluminate ; that 
i''', li'oni a seelutieeii e )f aliuniniiiin h\elre)xiele in a caustic 
allnili. 

Annnonnnti sid/diide and e)tln'r seilnhh' sul])hieles pere'- 
<‘ipitate the livelre)xieh'. This is ehu' to the instability of 
di<“ sul])hiele e)f alnininiuin, or, i;'oin^ farther back, tee 
tile we'adv basic cliaracte'r of the' li veh’oxiele'. The' re'acliein 
‘d aimiiemium sulphiele with alnininiuin siiljiliate takes 
place' as represente'el in the Iblhiwiuo; eepiatiou : 

A1 (SO,), + liiNHA.S + (Uho = :i(Nll4).S()4 + :U1.S + 2A1(0II),. 

])reci])itate alumiiiiuiu liydroxide fe)r 
tl" same reasem that the seduble sulpjliides do. Tlie re- 
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action boiwoon aluminium sulphate and sodium 
ate takes place tlius : 

Al,(80^\f;iXa,r(),d-:nf/^-:^Na,S(\+3C0 

()riii:i: iimiu-jis of Family Iff, Gnorp A , 

Scandium, Sc (AI. WL 4d.78). — 44)js element w.is dis. 
covered iu 1880 in lln; minerals enx(niito and gadoJinit,. 
Its non) janinds arc' siinilai' to those' of aInminiiDii. |( 
iorms an oxide' of the' foi-mnla Se'd )., ; a sulphate', Se',( S( ) i ; 
;i donhle' snlpliate', IvSeM S( I e'te*. It is of spe'eial iii- 
teie'si for the' I'e'ason that its jei'ope'rtie'S we're' foredold li\ 
M cm le'l('('lT seve'i-JiI Ve'ai’s lee'fore' it was elise/ove'i-e'el. Tin- 
pl'o[)]ie‘e‘ y was ])ase‘el nj)e)n the' ])e)sition eel the* e'h'liieiil in 
the' [)(‘iaodie‘ syste')ii. \\ he*n the' O'hitions he'twe'cn jlic 
Jlteeinie* we'ights aiiel p I'o pe > itie 'S of the' e'le'ine'iits we'l'e* first 
ele'Se'lihe'el in Jl ce)ni pl-e'hnlisi Ve' way hy J;e)tlnil’ .MeN’e'l' am] 
Meoieie-lneiy llie latte')' eh'Se*) il)e'e I tlie' j))‘opei tie'S e)f a)i e'l(‘- 
nient the)i ludviiow)), xvhie'h he e'.alh'd edivdeo/vne This 
should have' thea atomies we'ight. .aleont I I, should foi iii an 
e)\ide ol the' fo)anuIa TLO,. , eie*. It has ]>e'e')i shown that; 
the prope*)'t,ie'S e)f Se-alielimn )lg)'e*ea ve')'y elose'l v with tlmsa 
fore'told. 

Yttrium, Y (At. Wt. 88.36), like sc.andinm, is fenniel iu 
ga(loli)dte', e'lixe'liite', aiiel se))ne; e)the'r ini'e lili lieia Is. 
4'he e'le'me'ni itse'lf has ne)t l)e'e')i ise)]ate'el. Its chlnridt, 
Yt 1., - j - 01 1 T is e'asil\' niaeleu W ith ])otassin)ii )iiid sn- 
eliui! e'hlo)ides i lornis ele)iil)le' eh le))‘i(les ainilogoiis In 
those foj-me'e. h, aluminium chlen-ieh'. Its o.nde has tin' 
foiaiiuia, i ,t iinel is loiune'el hy lie'ating the', live I la )\ idea 
V( ( )1 1 1 , or ))iti‘ate‘, ^{Nt).,)., Th(' Infdro.n’(h\ \ (()lli, 
pre*elpitate‘el hy ;ieteii)ig pe)tassiu)n livdi'oxiele te) .a soln- 
tio': e)i' a;. yttiiuDi sjilt, aiiel is ))e)t elisseilveel hy an e x' nss 
of th alkali, 4'he h velreexieh', whilea he'ing h'ss acidm 
tliar. aluniiniuni hx'eh’e)xiele', is alse) nie)re^ stiaengly ha>i(', 
m: i;' sliow n hy it.: ])oxver to unite with we;ik at ids. 
AVhen e'xp)e)se'd to the air, it attniets and comhiiu's wiili 
carlionie*. ae*iel. 
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ytterbium, Yb( At. Wt. 171.88). — Tliis rare element, like 
si ;iii<liniii and \ ttriuin, is f<uin(l in ^^adolinib' and euxen 
jt(' iii'isi abundantly in tlnv ]a.lt(‘r. Its ('ompoimds in 
oi iii'inl r('S(‘mble tliose of yttrium. Its liydroxicb^ is not 
s()liil»l<‘ in alkalies, bid it .absor])S and <'ombin<*s w itli ear- 
1 m)ii dioxide. Its oxides lias tin* formula \bd),„ its sul- 
[ilj;it(s VbySO,)^, (dc. 

Samarium, Sm, Terbium, Tr, and Gadolinium, Gd, are 

rli iiiciils that haA'(i bomi obtained Irom samarskite, a 
yi.rtii ('arolina juineral. ddn^y have also found in 

small (piantiti('S in sonui oIIkm- minerals, as (‘(‘rit*', pado- 
))iiil(', and oi'tliit(n in «_MMH‘ral tln^se eleimnits r('S(‘iiible 
aluiidnium in tlndr ehemieal eomluet. 

Helium. — ^\ Inui e](‘veit(', and some other rare minerals 
aim ti'eat(Ml Avith acids a gas is giv(‘n olf. 'Jdiis Avas at 
tii'st ladd to 1)0 nitrogi'U, but a caiad’nl s])eet I’osco j d 
(‘xain i nation by AV. Jlanisay lias sliown that it coiiiains 
'L liitlnudo unknown gas. Tlicj spectrum contains lines 
ulii(di ar(i identical Avith lines that hav(i bmui observed 
ill tlie solar spiMdiaim. d.diesi) lia\m Ixmui ascribed to an 
nnkmovn (denuMit, Z/c///////. d’liis has now beini isolatiul 
and studied. Jt luatNU's to be ji very light gas, as incapa- 
hl(' ()1 forming (dieniica! com jK)unds asargon. Ih-acticallv 
all lln^ (‘vidence goes to show that it is an (dioiuMit, but 
as \mi little is known in regard to its relations to other 
rlcniciits. 

1 In' cln'inistry of ht nflut n mn is so intimab'lA' connectc'd 
'dtli (hat of ('(‘riiim and didymimn, that, although tlu'se 
tlirec (di'iiu'iits ap[)ear to belong to diileiauit fainilii's, 
dinv will b(' brii'tly considt'ix'd togt'tlu'i’. 

Tho Boron-Aluminium Group in General, - ('onij)a ring 
11"' gi’oup of whi(di boi-oii and alumininm aie tin' pi iu- 
inend)ers with tin'- potassium, ealeium, and niag- 
m.siiiiii groups, it Avill be scu'ii tliat tin' imunlx'rs of this 
do not resembh' oih' anotln'r as (doselv as tin' 
"miiilx'is of the otln'J- grou])sdo. ddieia' is, how('V('r, the 
stiejigtln'iiing of the basic* ])ro])erties and wc'akc'ii- 
“I the acid j)rop('rties as the atomic* Aveight inc'rc'ases. 
^""<•11 is tlie most strongly ac*id aaul the' Ic'ast basic*; 
*'l'i")inium is meu’e basic*, but has still some ;ic*id pioj)- 
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forties ; wliilo tlio otlior inoinlx^rs nro more stioiio^ 
basic, and do ind- cxliibit any acid [)roperties. (\)i)i|).n- 
in^ tin' tii’st nn'inbcrs of Crvoiip A, of Families 1, j 1, ;ui(] 
III, it is clear that with incn'asinj^ atomic wei^^ht tli(> 
jicid properties and tin' valence increase. Tin' eleniciifs 
n'h'irt'd to are lithium, ^Incinurn, and boron. 

Members of Group B, Families I, II, III, and IV. -The 
base-foianin^ elemeid,s thus far considered forjii tln^ prin- 
oipal groups of the first three families. In these principal 
groups the most characteristic elements of these fninilics 
occur. Ibit liesides the jirincipal group of each hnnih 
there is a si'comlarv group, tin' members of which dillVr 
in some ri'spiects fi-om those of the jirincipal group, 
though they resemble one another. Between the secoiul- 
ary grou]) of b’amily I and that of Family II, furtln i, 
there are sonu' poiids of resi'inblance. 1die secomlarv 
group in Family W Ix'ars to the principal group min'li 
the same ri'lation that tin' secondary groups of the first 
three families bear to the ])rinci[);d grou])s. In the lalth' 
]). Idl the princi})al giauijis are those which fall undor 
the letter A, and the secondary groups are thos(' wliicli 
fall under the letter B in each of tin' first four famili(‘s. 
Idiese secondary grouiis are : 


Family j 

1 Group 



I 

I 

B 

Copiier 

Silver 

Goia 

II 

B 

Zinc j 

Cadmium 

Mercury 

HI 

B 

(bdlium 

Indium 

Thallimii 

IV 

1 F 

I 

(lermaniurn 

Tin 

1 Lead i 

; 


In the tifth, sixth, and seventh families the most char- 
acteristic elements are those which occur in (iroup b- 
These have already been studied. 

Having thus considere<l the members of the principal 
groups of the first four families, let us next turn to the 
study of the members of the secondary groups. 
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ELEMENTS OF FAMILY I, GROUP B: 

COPPFR- SI LVEU— GOLD. 

General. — Tlie Liets ^vLicli siriko one most forcibly on 
com pa ring ilio (‘[(mumts of this ^ron|) with those of 
(iroiip A of the same family are, that thciy ai'e miieli h'ss 
;icti\(^ eiuoiiicall)', and tliat tlu^y furnish a gi'eater varii'ty 
of compouJids. Sodium and potassium and the other 
]ii(Miil)ers of (Trou[) A dis[)lay tln^ e;rea,test activity, as we 
S('('n. Tlui basic character is most sti’on;j;ly devel- 
()p(Ml in tlnun. Kurtlier, in nearly jill tlieir compounds 
ilicv act with the sanu^ valences Tliey are univalent in 
all tli(‘ir salts. (.\)p])er, sihau-, and ^old, liowfn'er, are 
not (‘hemically active' t'h'im'nts, and the acti\ity ^rows 
It'ss with iiicrc'asin*^ atomic we'ij^lit. (\)[>[)ei‘ and ^ohl 
form two seric's of (‘onijxnunls ('aedi, and silvf'r also forms 
a low ('ompounds, in winch it ap])<'a.rs A\ith a vahnice 
^icalor than om'. In tin' two se'iii's of salts foimied by 
<‘('|)j)or the ('h'lnent a-p])ea rs to Ix'. univaleid, and bivalent, 
ns ill tln^ chloride's (hi(d and (hiCd... (lold, however, is 
uiiivale'id and trivah'ut, while silver is almost exclusively 
iiiiivah'id. It must be said that the' resemblane'e between 
aiiel the other me?nb('rs eif (Iroup 1> is apparently 
^>')t as markml as tliat betwe*e'n me'rciirv anel ceippe'r anel 
silve r-. It is, heiw'ever, possibles that as investij^ation 
I'I'ocoimIs the resemblance will ajipear more striking than 
h tloe's at present. 

CoppEK, Cu (At. Wt. 03.12). 

Croneral. — The compounds of copper wliicli are most 
‘‘'‘Tiiiiionly met with are those in which it acts as a biva- 
e'hunent. Its principal comjiounds are co'p'per oxide ^ 

(5S7) 
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CuO ; the snlphdey CnSO^ ; and the si(lphide, (5iS. 
all these tlio (•ej)per is bivalent. But besides fch(\S(' (Ik m 
are such eoiiipoiuids as CiiCl and Cn./), in ^vljidi tJip 
element appears to he univalent. Tliere are, tla'ji, two 
seiies of salts, of whieh the fol leaving will senvo as 
examples : 

CuOl CiiCl, 

Cui>r CiiBr, 

Cn,0 CiiO 

Those eompounds wliicdi are of the tii'st order, eorre- 
spoiiding to the ehloiade (hiCl, are called cuprous vnm. 
pounds. Thus, ('id ’1 is mprous chlondc ; (h\d), r//pi'<i/i\ 
o.ridc^ etc*. On t lu‘ oilic'r hand, (‘()m])()Uii(ls of the' stMoiid 
order arc' callcMl (orpric com pou mis. ^Tlius, (hi( M,/is r//yo'/V 
c/df)ri(/(t ; (hiO, ('Uj)ric o.ridu : (hiSO,, cupric s//lplnd<\ c'lc. 
Li; has hc'cm suggc'sh'd that pei*ha[)S the formula of llu' 
sim])ler cuprous com])ounds, like Cu(/1, c'tc*., should ho 
doubled, and written (.hi.(’l„, (hi.J.., c'tc. ddiis suggcstioii 
has its origin in tlie valence hy])othesis. In cii|iric 
i'hloride, (.hi(d,,, and cin)ri(* oxide*, (hd ), c()])p(‘i* is e vi- 
dently l)ivalent; wh(*r('as, if the* formulas of the* cupiniis 
com|)ounds arc^ the sim])ler one's, (hd’l, (hiL, (*t(*., co|)[)oi’ 
is univah'jd; in them. J f, how<*v(*i“, cupi’ous chloi idt* is 
(du.,(d„, it mav be that in it the* (*o[)|)c'!‘ is bivah'id. ^ It is 
oidv nc'cc'ssarv to assume that in the molc'cuh^ of <'ii- 
])rous chlorides two atoms of cot) 2 )er are eomhiiu'd 
repi esc'iited thus : 

Cu- 

('ju-* 

If, then, each of the co])p('r atoms should ccimbiiie w ith 
a chlorines atom, the* com])ound w'ould havc^ the* form'd^ 
Cu/d,^. The', ([uc'stion h(*re prc'sc^ntc'd is similar io drd 
concc'ndn^ thc^ moh'cular formula of aluminium cliloiido. 
A deterininadion of the*, specific, gravity of the vap"!' "i 
cuprous chloride has Ix'cui made*,, and it lias bc'cui lound 
to correspond to that lecpiirc'd by the formula ( > 1 / 

It is possible, hoxvever, that at a higher temjieraf m*' 
different result may lie obtained, as in tlie case ol 
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iniuiuui clilorido, and it is possible tliat tlio eoriipoimd 
may 1)0 a double (diloride, foriiKMl ])y union tlirougli tlie 
chloi iiie atoms as represented in tlie formula Cu(d-~Cl(bi 
or Cu ((U.j-(hi. Tlnm there would be eom[)lete analogy 
l)ot\V(Mm cuprous cldoride and cu[)rous oxiih^, (hi () -( hi. 
Our hnowledo’e in regard to this mattcu* is extiennhy 
liiiiiiiMl at present, and it secnns pcu'fectly justihable to 
use the simpler formulas for the cuprous compounds 
until i’lirther evidence has luum prodncrul. AVhatever 
tilt' explaiiaiion may be, it is undonbtcully a fact that 
lluui^ are two seih^s of salts of cop])er, in one of which 
there is relatively half as much copper as in tlu' otli<*r, 
and it is also a ta(‘t that by coin pa rativcl v simph^ nudhods 
tin' salts of one siuic^s can In^ converted into those of the 
otlu'i-, as will be [)ointed out ludoAV. 

Forms in which Copper occurs in Nature. (h)])p(vr is 
a widi'ly distributed eh'immt, a!id it occurs also in lai*o(' 
([iiaiititi('s. It occurs in tin* uucombiin'd condition, or 
as copper, in larj^m (piaidiiyin the IhdtcHl State's 

in tlu' in'iu;hborhood of T^ake' Supe'i ior, in (hiina, Ja])an, 
Sihiuia, and Swe'ch'U. hdie most valiialile oi'es of co[)- 
])(M- are tin' oxide's, r/fhjf ropper or cuprenis eixiele, (hi.,(), 
;ni(l euiprie* e)xid(‘, (hiO; the' cai'bonates, as malae'hite'. 
t’li j ()[{),( h ), ; the' sul}>hiele*s, as chah'oeite', (hi„S, coppe'r 
I'vrrtcs, Chi,,S.ih',,S., ; anel e)the'i-s. 

Metallurgy of Copper, d'he me'tallurgy of (*o])per is 
v'Uiipai'ati ve'ly comjelicate'd, owing to the' ditliculty e)f 
‘■cii ve'i ting the^ oi’e's of co|)pe'r into the' oxiele. in nnest 
ct IIk' oi-e's use'el sulphur anel ij-e)n are' ceeiitaineel, as well 

siiialh'r epiantitie's eif eethe'r e'h'ine'nts, as €*irse'nic, anti- 
iiioiiy, h'ael, ('tc. hhle'! eele'S are' tii’st I’eeaste'el with the 
'’l'j<‘< t e)f ceenve'l’ting the^ siiljdiieles parti v inte) eixieh's. 

^ iide'r these circumstance's the' sulphieh's eif irean are' 
iiioiv e'asily e'emverteel inte) the' eixieh'S than the sul])hides 
<»t (•()|)j)or. By aehling a mate'rial rich in silicic ae'iel, and 
inhling the re)a.sted e)re> in a blast furnace with charceeal, 
oxide e)f ire)n is partly reduced, a.nd conve'ideel into 
ate. Avhich runs eitt* Avith the sla,g. In this Avay a 
l'>'odue't,is eibtaineel Avhich is richer in copper than the' 
^o,ist(ul Ole. This, which is called the nidtfe, contains 
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copper siilpliide and iron sulpliide. The imOtc is ;i > 
roasted and melted in tlie sani(3 way as tlie oic, ;,i„I 
further (piaidily of iron is removed, wliile soiik' 
(‘oj3[)er is rt'diiced. A n'actioii wliicli })la\'s an imjKu-, 
taut part in tliese processes is that wliic'li ialo s 
lu'twaam cn]>rous ()xid(‘ and cupioiis sulphide, loiiiiiii(r 
metallic cop})er and sulphur dioxide . 

I ('u.,S — d(hi -J SO,,. 

Sometimes it is lu'cessai’v to ripx'at the roasting auil 
meltiiip; with ctiaicoal ami sand a nuinher of tine s, [Ik* 
mat 1 1 leeomine,* I’iclnu' in <*( p »pei‘ at each siua'cssi \ < * st.i^c. 

Properties. is a hard iimtal,(*f a leddisli cuIdi 

ami nndallic lustr(\ It do«‘s not (diaiipc in di \ air, !)ii( 
in moist air it leradnally ht'eonms e<»\(‘)r(l with a eivni 
Jav(‘i- of a basic carh«>nat<'. It melts at a sonmwliat 
lower tfunpera tiire than and at a soniewliat liialiar 

tmiijauat n r(‘ than sihau’. It is \(*ry malleahh* and (I'lia- 
cioiis. ft o'ccom I loses water only at Ini^iit-red licaf. 
A\’h(m Inaited ir the air to a (*om paj’at i\ el v hiph teni|)(‘ia- 
tur«‘ it h('(‘omes coMuaxl with a. la\(‘r ot cu[»ric oxide; at 
a lower tem])(U'atiire cuprous oxidi- is foimnal. NitiaV 
acid dissohes it, copp(>r nitrate, (hnN(),i,,, la'inp- foriiK'd, 
and th(‘ oxidc's ot idtiateen hein^u; (oadwral (sih‘ p. ‘JSci; 
dilute snljihuric acid (hx's not a(d upon it uidess tin' air 
has access to d: comamt rat ('d sulphui'ic acid wlirii 
Jieated witl; if foimis cnpidc snlplmtc', ('nS(),, and snl- 
])hur dioxide (s('t‘ p. ‘J17). I)ilnte acids in j^u'iunal df 
not act upon it unless the air has accams to it. This tart 
is of importama* in (amnection with tin' use ot (aippif 
vessels in cnlinaiv ojierations. Suhstamaas (a)idaiimin 
ve^mtahh' aci«ls can ]m‘ boiled in biaj^ld taippcu’ m sm Is 
with im]>unily, tor th(‘ xvater va])o.* ]>r('V(uds the acaa's^'d 
air, hut, on <a)olin^% tln^ aii is a<lmitt(Ml, and then actieii 
takes phuay causing solution ot some of the coj) 2 )cr, v lii' l* 
is ohjectionalile. Ammonia in (aintact with co[i]>cr al'- 
sorhs oxygen, and the co))per dissolvcas in (a)ns(apiem'r 
f)f the formation of a (a)mpoun(l of cupric (ixide and ani- 
monia. This fact is sometimes taken advantage of foi 
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(liP prt'pHration of nitrogen, as was stated in speaking of 
this g;is (see p. 240). ^ 

Applications. — As is well known, copper is used very 
ps;it'tisi\ ely for a varicdy of ])urp()ses, aiiiong wliicli the 
following may be mentioned : for electrical a2)paratus, 
poiiis, co|)pei- yessels, roofs, bn* coyering the bottoms of 
ships, etc. It is also used lor co])p(‘i‘-])lating ; and in tlie 
prep.iiation of a numlao- of VMlu:ib]<‘ alloys, such as 
brass, hron/e, gun-metal, l)ell-nietal, (dc. 

Alloys.- is a mi\tur<‘ or conipouud of about one 

jiarl ot zim* and two j)ai‘ts of ('opppo' ; thes(' ]>i‘o]iortions 
iiia\, bo\vev(‘r, b(‘ vai'ied betwcMMi (piite N\i(h‘ limits. 
Tiler*' is a variety oi brass containing ('(|nal parts of 
y.iiie and co[)pei’, and anotlun* containing oiu' ]>art of zinc, 
and liv(' ])arts oi copp('r. P nK'hht'ck is inad*^ by ('onibiii- 
ing two ]>aits of copp(‘r and om* of brass. 

Ht'diiZi’ consists ol co])pei’, zinc, and tin. ddie ])ropor- 
tioii of coppcM* varii's from do to Si per cent ; that of 
/iiic from dl.o to 11 p(‘r (and ' and that of tin from 2.o 
to 1 ])er c('nt. \\ lien ('X])osed to tin* air bronze becomes 
(■o\('i‘tMl with a grei'ii coating of basic co])])er carbonate, 
wdindi prot<*cts it from further action. This coating is 
Mow gmn'rall)' ])rodiiced aititlcially by a varietN' ot meth- 
ods, as l)y washing the surfac** with a solution (d* salts 
nnd acids. 

(i ini-ni(‘(<(J consists gcmeralh' of <*o]>])er and tin in tlie 
]'ro]u)rti{)n of 11 ])arts of tin and 100 parts of co])])er. 

(‘ontains a largiu' ])ro])ortion ffrom 20 to 25 
pnr ctmt) of tin than gnn-metal. 

irifh Ahniiivi mn (‘ontaining aluminium and co])- 
l"‘r in wid(*ly ditVei-eut jiroportions aii* inadi*. That with 
<*(>iit of cop])(*i‘ has a w hitin* coloi- than aluminium, 
dll' eoloi- being inoia* lilo* that of silver. On the other 
^'‘"id, an alloy id co})])(‘r with 5 to 10 per cent of alu- 
^"iidnin has a color I’esembling that of gold. This, w hitdi 

I'linwn as aluminium bronzi*, is very liard and elastic, 
'^'id is not easily aided upon by (dn*mi(*al rmagents. It is 
iis(m 1 to a considerable extent in the manufacture of 
I iiienOd and usefuhnirticles. 

d' /a/a/n .sdeer is aii alloy consisting of copper, zinc, and 
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nickel. The proportion of co])])or varies from p) t,, r,(l 
per cent ; that of zinc from 11) to 44 per cent; ami il^t 
of nickel from 0 to 22 ja‘r C(‘nt. 

Cuprous Hydride, CuH. — 41iis C(mi])onii(l is inado l)v 
trc'atiiig a solution of barium by popliosj)hit(‘ vilh ;i, Sdlij. 
lion of copper sulphate. It is thrown down as a vrllow 
])r(‘ei[ht;ii(‘ which j^radnaliy ])tH*oines darker. At llir it 
dec‘ompos('S into copp(‘r and hydro^im. AVith Indio, 
cliloric a(dd it yi(dds cuprous chlorich* and hvdicx'oji. 

Cupric Hydride, Ciilla, is fornnal by t reatin^mi soluhon 
of copper snljdiate with Jj \ pophos])horons acid. \\ Ju'ji 
fr<'shly ])repared it is a rr'ddish-bi’on n s])onp‘dik(' m.iss 
whicli, however, (dianpu's to a (diocolate-colored jiowdrr 
on beiiJi.;' fr<‘ed from a(‘id and boiliul for sojjk' tiim*. It 
is ikH la'adily (dian^^ed when Inaatt'd in the air. It dis. 
solves in hydi'ochloric aciil with (‘volutiou of hydroj^on. 

Cuprous Chloi'ide, CuCl, is formed by In'atinLt cii|iiic 
chloimhs (-'n(-’]., ; by passing,- hyd rochloi'ic acid ov('r hi^lilv 
heatrd copper ; by lioilin*^ an exc(‘ss of copper tilings with 
coiic('ntrated hy< I r( addoric acid with thi‘ addition of ;i 
iitll(‘ nitric acid, tilituliiL; throni^li asbestos, and jioniiiii;' 
into wat-'r ; and I)}' treating; cujiric, chlori(l(‘ with j-educiii-; 
ap;cnts, as, foi- examph*, sid phurons acid. The action with 
sulphur dioxid(‘ takes [)iace as r(‘pi’es<*nt(‘d in tin* c([iiati(»ii 

2CuCl, + 80, + 2II,( ) ^ 2( li(d ; ll,S()^ .{ 2M( 'I. 

Ttisa w hite cinstal line compound, and is dilhcnltly sohi- 
])le in wat^w, W lam (‘X[M)sed to the air it i'api<liy 'iiins 
preen in eonsec pieiiei* of t he foi'inalion of a basic cldoi iihx 
as, t'oi- exa m])le, 2 ( he' ).( ’n( 2 .,, oi' ( 'I ( hi ( ) C hi () thi ( h 
It is volatih‘ at a liipli tcni pm atno', and a d('termiii;i t mu 
of the s[)(Mlfic pravilv of tlie vapor pa\e a nmnd cih iv 
s])ondinp to tln^ fonmda, (hi,,('l,, as was statml aTove b 
has inarkeilly tin* ])ow(‘i* to aJisorb ehloriin', and tli' ic- 
fore acts as a rc'dneinp apeid. Ammonia dissolve- t. 
forniinp a eoni])onnd of the coinpimit ion repri'seiitcd 
tln^ formula (hid.NII,, whicdi inay lx* r(*par(h*d as ih' 
rivml from aninioninm chloimh* by replaeinp an aton' 
liydropen by an atom of eoj)])!*!’. ^ 

Cupric Chloride, Cudj.- hhiis eomponnd is formed h\ 
treating copper or cuprous cldorido with chlorine, d 
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•ils.) e;isilj iriade by dissolving cupric hydroxide, or car- 
ix iiaic, ill hydrochloric acid. From its solution in water 
111,, (liloride crystallizes with two molecules of water, 
{\iC\ 4- 2H,(). The crystals when heated lose their 
watoi* witliout sulTering further decomposition, except at 
lii.rli heat, when a part of the chlorine is given oh', and 
cuprous chloride is formed. Cupric cliloride combines 
\vith ammonia gas, forming a c«)mpound of the formula 
hud .f)Xi[,, which is soluble in wat(*r, with a dark blue 
color! When heated it loses four molecules of ammonia, 
au([ tlu' compound is hd‘t behind, ddiis may 

!»(' r«^garded as ainmoniuni chloridi*, in which two hydro- 
ocii atoms have been r(‘])laced by an atom of bivahmt 

ii 1* 1 n Nil (U 

(‘()[*p('iy as re[)ros(Mited * in tli(‘ lormula y; 

'riiiMt' is, howoviu", no diiaa-t expiudnumtal evidence in 
favor of this vii^w. 

W'll., other chlorides cupric iddoride forms double 
vlihnmh'S similar to thos('. formed by magnesium and 
almiiinium ; such, for (‘xample, as (hi(d„.2\ H,(d or 
(X II y.,rhi(’l,, CuCl,,. 2 lvCl, or K.t'iiCl,, I'tc. 

Cuprous lodido, Ciil. — \\ hen a solution ol a. cupric salt 
is ii‘eat(ul with jiotassium iodide, cu[)rous iodi(h‘, is ])!'('- 
fipitati'd and iodine is set frc‘e, owing to the instability 
<»f cupric iodide : 

2 CuS(), 1 IKT 2K,S( ), -f 2CuT + I,. 

If a reducing agent is added at the same time, iodine is 
net set friMi. '^^I'hus, for «'xamph', when sul])hur dioxide 
is vis(mI, the reaction takt'S placid as r(g)res(uittHl in the 
‘‘pnation 

mSO^ [- SO,, 1 2 KT f 2 H,() r-z K.SO J 2 H,S(),- 1 - 2CuT. 

It forms a white ])recipitate. Cu])ric iodi«h^ is not 
hiiown. A similar conduct is sliowu by tlie (‘yanides. 

Cuprous Hydroxide, Cu(OII). — The sim])le compound 
el th(^ formula here givcm is not known, but a derivative 
"1 lliis, of the formula (hi,.0.,(()H)., or 4 (hi.,().H„ 0 , is 
rasily made by adding sodium hydroxide to a solution of 
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a cuprous salt. It passes readily over into cuprous oxi,],, 
by gemtl}' Ju'ating it. 

Cuprous Oxido, Cu, 0 , occurs in nature, and is know n 
ruhif voppi^r or cupnlv. It is (s-isily prepared l)v titxil in.r 
a solutioji of glucosi‘, or starch sugar, with co2)[)('r sul- 
phate and potassium h_vdro\i(hu lly boiling, tiu' copp,.!- 
is thrown down in tlie Ibiuu of cu|)rous oxide. At (list 
tliis is 3 ellow, and it is supposed 1 )\' sojiu* tiiat the y el- 
low com2)ound is the hydroxide, but satisfactoi\ evi- 
(lenc(^ of tlie correctness of tliis view lias Jiot been lur- 
nished. dlie Nellow pi'('ci[)itat(* is soon converted into (he 
red oxide. (hi[)rous o\id(- is not cliangml wlnm a]low( d 
to li(' in contact with the air. It dissolve's in nitiic ;\\u[ 
suljihuric acids, forming cupric salts; and if the ucids 
are dilute, cop^ier is de'posite'd. ' This will be ch'ar fioiii 
a (‘onsideration of tin' following ('epiation ; 

(hi/) •(- ILSO. (hiSO, -I US) f (hi. 

Cupric Hydroxide, CurOHv., like^ tin' Irvdroxieh's of most 
liase-foj'ining eleuK'nts, is tin-own elown 1)3' tlie addition of 
a soluble hydroxide to a, cupi’ic salt. It is a voluminous, 
bbu' [irecipitate. A\ Inm allow u'd to stand in a solution, oi’ 
Avlu'ii the solution is lioih'd, tin' Irvdroxieh' losi's a part of 
its h\’drox3 l, and is convi'rti'd into a. lilack comj)ouml of 
the formula 

(hnOlIk ( 2(hiO, or TK) (hiO (hiAMhmOH, 

and this when dric'd and lu'atc'd is conveu'ted into lliu 
oxide; ( hi( ). 

Cupric Oxide, CuO.- -( hpn ic oxide is found in natnroin 
the neighboihood of Lake' Su|)<'rior in tin' Ibiited Stalo', 
and is foi iiu'd }>y In'ating coppe^r to ri'dness in coniaot 
with tin' air, or bv In'ating tin' nitrateu It lose'S its ow- 
g(‘n vf'iy le'adily wlnm treate'd with ri'diicing agemts, sm li 
as hv<b-ogen ainl caibon. It is iise'd extensivel\ in 
([uantitati vimanal ysis for tin' ])urpose of estimating d"' 
composition of organic^ com])ounds, or suc'h as conl ini 
carbon and hvelrogen. Its use is basi'd upon tin' t o t 
that when organic comjiounds arii Jieated with the oxi h' 
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(]i( \ nio f)\i(lizo(l, tlie carbon converted into car- 

1,011 and the hydrogen into watci*. ])y ])assiiig 

tin' pi'oducis of the oxidation througli calcium chloride, 
and .1 solution c^f potassium livdroxidc, the xvater is re- 
laiiH'd in the lirst, and the carbon dioxiih^ in tlu^ S(M*ond, 
and (lie Aveiglit of tuu‘li lormed can easily Ix^ determined. 
{'u|iric oxide is dissolved by ammonia in the pn^seiice of 
ail ;iihI a little of sonn^ ammojiiuni salt. The' conijiosition 
of (lie conitioiuid in tlie solution is not hnown. 

Other Oxides of Copper. — lh\sid(‘s cuprous and cu])ric 
oxides, cotijier lonns two otlu'r conpiounds with oxvgen. 
Those ar(‘ (‘opprr snho.rii/c, (hpO, and tlie peroxidv, (Ti()„. 

I lie l()rni(‘r is pn^pari'd by ti’cniling a solution of cojipi^r 
sididiati' with stannous chloridi\ It (aloes up oxvgen 
iroiii (li(‘ air, and is convmTed into higlu'r oxiih^s. TTie 
j)or()\id(‘ is said to be formed liy triading cipiric Indrox- 
idt' with liydrogmi jxu’oxiihx. 

Cupric Sulphate, CuS 04 -- Tdiis salt is manufactuix'd on 
1h(' large scaih', and in (In' crysta 1 1 i/cal iorm. cojitainiiig 
li\o iiioleeiiles ot xva(<‘]’, ( ’uS( )^ - }- ), is (*onnno]dx' 
I'ldh'd “ blu(‘ vilrioh’ It is loiiud in natui'e to some ex- 
teiii, Ix'ing foianed by tln^ action of (he ox\gen of tln^ air 
<»ii th(' snlphid(‘. It is most convmiiimtl v mach^ bx' dis- 
sohiiig nudallic co])])er in ('onc(mt]‘at<‘d sul]>huric acid, 
<>i' hy tix'ating cu])ric sul[)hitle with suljihuric acid. TTie 
■■Ktl"ii of siiljihurii' a(‘id on tin* metal has aliaeadv been 
roloro'd to It consists (essmitiall v in tin* formation of 
‘ Ujii ie sul])hat(‘, sul])hur dioxide, aanl xvater, as ex|U'essed 
in (he ('(pmtion 


(dll I r : CTlSd^ + S(b 1 t21b(). 

I he (pi(*stion wlnddier tin* cop])<‘r re<luces the sul])huric 
■n id diieetly, or the hydrogi'ii given oil* from tin' acid 
nih'cls the K'duetion, is an opi'ii one, Ihit tln*re are 
i)i(, ducts toruK'd b(‘si(h*s those nn*ntioned. At 
brown siibstaina' of the composition (du.,S is 
'I' l" >si((*(b As the action ])roeeeds oxvsul]>ludes are 
fh(» tinal product of a. series of changes being 
^ oi- (hiO.CuS, n-hicli is lilack, and insoluble in 
Unde] r some conditions a considerable provxortiou 


Wafr 
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of the copper is transformed into the ()xysul])lii,|,.^ ],^ 
sulphuric acid. Cupric sulphate is o])taiiic(l ii, 
blue crystals of the triclinic system, which liave tlir c.ii,. 
position CuS(\ ( olid). When heattul to lOD , lom 
inol(‘cul('s of \vat»n* ai’e ^ivcm oil, and the Iasi is ii,,[ 
oil’ until tlu^ t(‘mp(‘raturo is riaacluMl. I'his 

]tiak(^s it a])pt'ar probabh' that the salt has tlu' enn- 
stitutioii repri‘S(‘nt(Hl l>v the formula CuS(),(()(Ii 

( hS ^ , corr(‘s])ondiii;^^ in this respect to mayiK si- 

[oH 

uni sul])hat(‘ (which see). A\ hen heat(nl hi^In'i’, if loses 
all its hydroxyl, and th(‘ salt, ('uSO,, is hd't in lln* iorjii 
of •; Avhit<^ |)ow(ler, which has the [lower to take iij) walei 
from the air, laaanii ini^' hlin* attain. It dissolves in IIikm' 
])arts of cold water and one'- ha 1 f pari hoiliiij^; water. 

])er sulphate, containiii.ii seven molecuh's of water, CiiSO^ 
-f- 7H,(), is obtaiiKnl whmi ini\(Ml with solutions of the 
sul])hat('s of iron, zinc, or n)a,i;in‘siuni, all of wliich crys- 
tallize with sevmi moh'cuh's of wat<'r. in this form vn- 
])ric sul[)hat(' is isomorjihous with th(‘ otlnu* sulpliat('s. 
d'ln'se salts lia.ve in ;.j;(ui(‘ral recadvc'd tlie iiann' of viti iols, 
and th(‘ old nanu'S “ vitriol,” “ whiti^ vitriol,” ami 

blu(^ vitriol” are still used to some (‘xtent, thony]) 
rarel V by chern ists. Anionp; the similar salts inclmk 'l 
under tli(‘ saim; p;en(‘ral head aiaj the tollowinj^ ' 


Zinc Huiphat«* (white, vitriol), .... ZnSO^ d 7M,<) 

31a^iiesiiim sul[)hate, i\Ip;S()^ + 71I,C 

Clucinum sulphate, G180^ + 7IIC 

b\'rrous sulphate (gr(*eii vitriol), . . , b\*S( ), |- 71 1 C 

^sick(‘l sulphat(^, IViSO, | 7111^ 

Colialt sulphat(‘, (a)SO^ d /MA 

(Jo[)[au’ sulphate (blu«‘ vitriol). 


CuSO, + H - “>11 

Cupiric. sul])hate is us(m1 (^xt(‘nsively in the ])reparal i<'’> 
of blue and ^rtaui |)i^m(uits, in copp(‘r-j)latin;^ by elec- 
trolysis, in galvanic batt(ui<‘s, for the purpose of ]>e3- 
serving wood, and a.s a remedy against phylloxera 
j). 40t)), etc. 
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fupi ic sulpliate coinLines Avith other siilpluiti's, form- 
[ji.r tloiiblo saltH siniilai* to tliose formed by aluminium 
.|]ul niagnesiurn. The potassium and ammonium com- 
poiuuls have the formulas K.,S( )^.( hiSO^ 6H,0 and 
^^] [ ) S(\.CuS(), -|' bll./), and probably have the consti- 
tution represented by the general formula 


,;>cu. 


AVIlon a solution of eu})rit' sulphate is treated ^vith 
.iiiiinoiiia a })reeit)itate of a basic salt is at tiist formed, 
hut this dissolves when inon* ammonia is addtul, forming 
;i (hM‘[)-blu(^ solution. T1 h‘ piUM-ipitate tii’st foi'iinul is 
:l basic snl]»hat(‘. of eopp('i' , whih' the solution contains 
!t coiiipouinl of cu])ric sulpbatt‘, ammonia, and water, of 
tlu‘ com])osition r(^pr(‘S(Uit(Ml by tin* formula CuSO^. 
1Mb, I II./). \\ li{*n ln*at(*(l the salt loses \vat(*r and 

;iiiniionia, until it has tin* (*om])osition ( hiS( ),.‘2N H 
This is j)robably analogous to tin* ammonia componml 
of cupric' chloride*, ( 'n(1,,.liN 1 1 , and may be* regarded as 
liaviiig a. similar constitution, that is, as ammonium 
sulphate, in which two hydi’og(*n atoms ha,V(' been, re- 
])iac('d by an atom of bivah*nt copp<*r, as (*x])ress{*d in 

tlio h)riuula S( ), < jj 'X hi. It is a curious and inter- 
esting, though at ju’c'sent inexjilicable, fact, that anhy- 
'hoiis coppc'i' sul|)haie combine's with Jive mohH'ules of 
'""ineiria just as it do(*s with tivc* moh*(*ules of watc'r, 
‘••I'l that by lying in moist ail’ the imdecules of ammoniai 
the compound a.i‘(* suc(*essiv<'ly re])laced by water, so 
tliat the following seric's of compounds is formed: 

CuS(),.r)\bb.; 

CuS(),.J\H.,K,,0; 

CuS(),.:bNK...‘2H.,0; 

CuS(),.2NH.,:iH./); 

CuS(),.NH,.4H,0j 
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From this it avouIiI appear that the ammonia ia 
oomponmls })lays a part analogous to tliat |)la\(‘(l liy 
tlm ‘‘ water of (‘rvstalli/atioii.” 'I’his does nol sjn ak 
in favor of th(‘ view ahovt' ('Xpi-essed (‘oiua'ininn- 
eonslitiition of cnprammoninm sid[)liate, in wliidi (li,. 
(‘o|)|ao' is Indd lo ])e in eom])iiiation witii iiifio-i.n 
Tliei(' is in fact no sa(ista<d<)/'\' tin'ory tnr most of (hn 
salts eoiitainin^i;' uator of <'rystaIii/ation, nor foi’ most 
of tlios(‘ eontaijiini;' ammonia. I’lie j)ow(‘i- jo (‘omljii),- 
with ammonia is wow eonimonly met witli anioin; mc- 
tallie salts- prohahlv fidly as iiiiieh so as tin' pourr 
to I'oiiihiiK' with wat(‘r. Somr metals imli'od, as enh.ilt 
and platinum, form a v<‘ry lar^'e Jinndxu' of (‘onijilex 
eomponuds with ammonia, and witli ammonium snlts. 

Cupric Nitrate, Cu(NO:,)-, is <‘asily t(»i'm(Ml hy dissolv- 
in'^' cop j a* r in dilute nitric acid. It is ('asily solndlt' in 
water, and is (h‘j)osiled in ei'ystalli/i'd lorm, tlie ('I'vslnls 
eontaiuinp threat or six moleeiih's ot wat(*r aeeordiiiu td 
tli(‘ temp(‘rature, the salt with six molecules laMiie 
formed at tin* lower t(‘mpv*)‘at n re. Lilo* otln-i' coppr 
salts, it has a him* color. It coiiihin(*s with amnieiiin 
and u ith ammonium nitrat('. 

Cupric Arsonitc, CuIIAsO., is toj’iiied as a ercf'iiisli- 
yellow ])i‘eci|)itate when an ammoniacal solution ol .ii'sc- 
nious acid is add(‘<l to a solution ot cupi'ic sulphati*. It 
is known :is >SV//cc/c’.s’ (jt'Ci'n. A comjauind of cupric ;iisr- 
nite and cujuic ac'etate, which is made hy trcatiiii; n 
hiisic ac(*tat(* of copper uith arsf'Jiious acid, is knoun ii> 
S('lii(rin/nrf On account of their ])oisouous cli.n- 

act(*r tlu'se compoumis are not tiow usial as extensi\(‘l} 
as foi'nn*rIy, 

Cupric Carbonates.- Win'll a soluhle carlionate i> 
addl'd to a sedation of cupric sulphate a voluinineus 
greenish precipitate is formed, which lias the compositien 
,1 011 

Cu(0ITX.CuCO 3, or This is plainly n 

basic carbonate. The mineral malachite, wliich h;i^ 
beautiful green color, has the same composition as dr 
precipitate just iiientioinMl. 
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Cyanides of Copper. Botli (•U|)r<)us and cupric cya- 
I, •[(],. s me kiiowu, but wliilc <^cucrally tlio cupric coin- 
are the, more stal)le, cu})ric cyanide, like cu])ric 
(‘xtiamudy unstable. It is readily changed to 
I ,()ni])oU!id iut('i'me<liat(‘ bctwtMui the cupi'ic and the 
salt. This has tln^ com[)osilion (.'uCy,,.2( aiCy. 
[Iv liraling in suspcmsioii in water this inteimiediah' coin- 
|H,iiiiil is coiivert<Ml into the ctiproiis salt. Tin* cn])r()us 
,.,)iii|i()iind is ({uib' stable. ( hi|)ric. c va aide is toniu'd as a 
M'lldW |n (‘ci]>itate, when potassimn <‘yanide is mhleil to 
•I solution of a co[)|)(‘r salt. It so<m changes spoiita- 
ii(M)U^I\ into tlu" coinpouml above iiK'iitioiUMl, whicii has 
;i color. W Ik'Ii this is heate<l it yitdds cuprous 

(■\;iiii(l(U (uit'N, which is whit<‘. (hiprous cyanide is iii- 
sdliihh' ill wat(U‘. If an (‘\c(*ss of ])otassium cyaiii<h‘ is 
;i(l(l(Mt to a solution of a, copper salt, tlu' pre<u j)itat<‘ dis- 
siil\(‘s in cons(M jU(Uic«‘ of th<‘ formation of doubh^ cya- 
iiiii('s similar to tlu' double chhuides. <)n(‘ of these has 
the composition IvC'N.t’uCN or lv( hn ( 'N 'I'lu' oju' 
tiii iiK'il umh'r ordinaiy ci ren msta ium's is ‘IK ( '\.( ’u( ' N or 
K ('ii(('N ),. Tin* double cyanich's .aia* in gencual mole 
coiiijtlicated in com posit ion t ha n t luMloiibh^ ch loimh.'s, as 

\V(‘ shall S(‘e in studying tliosi' which contain ii'on such, 

iiir (‘\amph', as tlu' salt alr(‘a<l\ laheri’ed to under the 
iiaiiid potassium ftu’rocy an id<' or yellow ])russiat(‘ of [)ot- 
asli, ('f th(‘ composition K J'hu ( 'N i,. 

Cuprous Sulphocyaiiato, CuSCN, and Cupric Sulpho- 
cyanato, Cii(SCN),, bear to each otluu- n'latious similar to 
those which ('\ist b(‘t wmui the cyanidim. W lum ])otassium 
sii lphocyanat(' is aibhnl to a, conceiitratml solution of a cu- 
piic salt cujuic sul])ho(*yanate is ])r(‘ci[)itatml as a black 
powder, if the solution is dilutc'd, decomposition into tlu' 
‘‘•ipioiis salt takes [ilacew ^\ lum a rmlucing ageuit siudi as 
^'ilphur dioxide' is aeleh'el at the' same' time', only the 
'■'puoiis salt is forme'el. This is a white', granular peiw- 
'h'l, insoluble in water. 

Cuprous Sulphido, Cu^S.- This compound occurs in 
'' 'hiio, and is kneiwii as chale*e)e*ite‘. It is, further, a e*on- 
'UliK lit of ceipjier pyrites, which is a ceam])euiuel of cu- 
1'""^ uiiel ferric sul])hieh's, (’u.^S.Fe .^83 or (hiJh'S,^. It 
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van hv inatle hy lioating copper iiiid siilplnir 
tlu^ riglit proportions. It has a ^rjiyisli-l)la( k cnlo].. 
does Jiot i^dve u[) its sulphur, oven wlieu lieahalin ],/ 
dro-Yui ; and is tlie more stable of the two sulplial,^^ 
copper. 

Cupric Sulphida, CuS-Tliis is formed as a, black pro- 
eipitate wlini hvdroL;eu sul[)liid(‘ is passtul inln ■, 
solution of a (‘upric salt. In wat<‘r alom‘ enpii,' siil- 
]»lii(h' is soiiH'wliat solid)h‘. Ihuna' in washiiiL- out i 
pr(‘cipitalo of copjxu- sulphide w ith water a Jitik' n 
will pass tiirou^i^li i/i solution. It also ('asilv uiKk-rnp,,, 
oxidal ioii, and, as it tornis tin* sulphate, sojue is (lissohcil 
ill this way unless propfu- ])r<'eau tions are taken, p is 
slightly soluble in amnn)nium sulphich', but insoliilik in 
sodium sul[)hide. d’lie aiM)\ (‘ tacts ai'(' of imp)oi ta ii('( i 
tlie analysis of eomj)ouu(ls eontaiiiiny eoppm', as wn, 
laaidily be stam. \\ Inan lieat('d, cupric suipliidi' 
half its sulphui-, and is coiivei’ted into cupi'ous sidj)lii(ii, 

Coppor-plating.’ 'I'Ik' piaxa'ss of ('o|p)er-])laliiiu ceii 
sists in luaef in <h*posiling upon an object a la \ (U’ of Ce] - 
p('r l)y putting it in a bath containing so?n(‘ copper s;ill, 
and connecting it with on(‘ pole of an (dectric batlciv, 

1) (‘coiii posit ion of tin* copp(‘r salt takes pla(‘e, and coji- 
p(*r is d('posit('d upon tin* objea-t. Alkaliin* solutions "f 
tin* doul)h‘ cyanides aaa* b(‘st a<lapl(‘d to tin* pnrpesc. 
The proc(‘ss is e\t(*nsively usral in tin* pr('pa rat imi "1 
c/ee/A’n/ype plates. Thes(* ai'(' plah'S wdiich ai't* [)rcp;m'(l 
(‘itlnu’ fi-om wanxl-cnts o»‘ fr-om tyja* bv making a iiieaM 
of gut ta-])e7(dia, covm ing this with gra[)hit(‘, and iniincis- 
iiig the plate thus ])r(‘])ai‘(*d in tin* (a)])pei’-plating h'ltii. 
rin* plate thus ma,<le is an <‘\act ri'pi'oductioii ot tlir 
wood-cut or ty[)e of which tin*, impression in gnita 
})ercha was taken. 

Reactions which are of Special Valuo in Choinieal 
Anabysis. --/‘'e/e\,sa ////7 or soGhnn InjtJ roxhiv forms a Ibi*' 
j)ia‘cipilate w hich b(*coFnes black oji standing or w li' ii 
heated. ( S('(* ( hipi ic Hydroxide*.) 

.liin/ioirid lirst h)i’nis a gre'e'iiish pri'cipitate, xvliicl' is a 
basic; salt. AVith cupric sul2)hjito the reac'tiou 

2 ) 1 ace thus : 
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+ 2 NH, + 2H,0:= ^>SO, + (Nn,),8(), 

s(v;;>cu cu<;;j^ 

]{ ili(‘ nctinii is cjirriinl fartlior, tli(^ basic salt dis- 
solves, foniiini;' I lie com j)oiiii<l relcn-cd to inaba- Cupric 
,Sul[iiiatc (^wliicii secj, the Holiitioii dark blue. 

pofdssiina or sodium corluymttr ])i-cci])itatcs tlie basics 
r,irl)()ii;iic r(d(a’r«al to iiedc^r (hij)i‘ic Carbonate (\vhicli 
sr(‘,. TIk' chan^^(‘ in coloi* IVoin bliu' to erecn wliiCi 
takes ])lac(; in this precipitate^ is jerobably diu' to a lo.'- s 
of wah-r. 

p(>l,is'si/n)i frrr<}V[fn)}id(\ I\J’’c(CN\, forms a, laaldish- 
lnowii precijiitate', which is tln^ coi-re^spomline' cojipe'r 
salt, Cn.ddyCN)^.. This comjionml is d(‘com])os('d bv 
rauslic alkalies, formin^i;' ciipi'ic oxide and tlnx corvi'- 
spoiidin^- alkali salt, Nad’'e(('X)„ or K,betCX>^. 1'lie 
I'eaclioiis with tiotassinm iodide', cvaniih', and sul[)h()- 
eviiiiiik' ha\(‘ l)(‘('n (‘X])lain('d abovaa 

ill t he oxidi/iiiLt llaiiK' the' be sad of boiax or mici’ocosmie 
sail is i;r('(‘iiish blui', w hih' w lam ln'at(‘d in the reMliicija^- 
tk'iiiK' it apjx'ars opaepK' and re'd. Tin* rtal color is 
in tli(‘ realiictioii ol the' oxide' to cojipe'r or cuprous eexide'. 

SirvKi:, Au; oAL W t. lOT.lJj. 

General. - I n ne'arly all the e'om])ounds of silve'r tlu' 
rli'iiieid is uidvahud. It, howe'Xer, forms Ihreu' oxides of 
the tormulas Ae,( ), Ap;A ), and AyC). 'I'lu' compounds 
'■ei I'esjiond close'lcin many re'sjie'cts to the e-u])rous com- 
jiniiiuls. Theu'e' is the' same' epte'stion lu're as in the' e ase' 
‘»l (‘t)|)p(U’ as to whe'tlu'r the' me de'e'ulai’ wa'i^hts e*orre'- 
^poiid to the simple feu inulas Ae(’|, Ap;l>r, Ai;N(),,, e'te*., 
*'i' to the doubh'el fe)rmulas Au’,.(d.., Au'Jb*.,, AejXO/i., 

' t''. Tlie're is no evide'iice' at pre'se'iit kueewii by wliich a 
decision be'iw'e'e'U the two jieessibilitie's can lee' re'ache'el. 
I Iw sitn|)l(U’ formulas will there'fore be' used here. 

i’orms in which Silver Occurs in Nature. Si I ye' r oe'curs 
to sonu' extent natiye, but for the most ])art in e*onibina- 
liartie'uhirly witli sul})]iur, anel in (‘e)mpany xyith 
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lead. Idle ])iiiR*i[)jil ore of silver is the sulphide, Ai; S. 
which ociiurs in coiul)iiiation with other sulphides, as (»f 
lead, copper, arsiuiic, autiuiouy, (dc. The coiupomuls 
witli chlorine, hroiiiiiK^, and iodine are also found, huf 
in sina1](‘r (juantit^' tliaJi lh(‘ sul[)hide. Small ([iia ntil i(‘s 
of tin' snlpldih^ a,ie found in almost all vairndh's of (-a, 
lenit(‘ or haid sul[)hi<l(‘. 

Metallurgy of Silver. --d\ruch of the silver in us(‘ is ol)- 
taim'd from ^nd(mit(‘, PhS. ddiis mimn-al is trcsiicd m 
such a- way as to cause lln^ st'pa, ration of the ha-id (wliich 
s(ao, and tin' silvei- is S('[)arated from sul])hur at the 
same tinnn lint it is dissolv(‘d in a large' (juantit\ of 
lead, and tlu' [uolde'in which ]U‘<'S('jits itself to the ma- 
tallni'gist IS how to s<'j>arat(' tin' small ([nantil\ of 
silve'r from the large* (|nantity (*»f haid. This is ae-( (»ii)- 
plislie'd hy me'lting the* ndxtnre* and alie)\\ing it to cool 
until e'ivstals ajepe'ar. 'rin'se* are* almost imre* lead. 
'They ale* eli[)|)(*<l out hy me*ans of a sie‘ve*-lik(* ladle*, and 
the* lie|niel le*lt is again allo\\e*el te) stanel, w he*n am >1 lior 
e*re>j) of e'lystals is Idrme'el, ami can he* re*nie)ve*el in tin 
same' way as he*|ore*. I>y this me*ans, anel hv again iin'lt- 
ing the e'lystals re*me)Ve'el, alle)wing the* liejiiiel tee e-igstal- 
lize*, anel re*me>ving the* e'rystals foinie*el, the*re* is tiiialh 
ohtained a ])re»dnct w hie-h is riedi in sil\e*r, hnt whie-li still 
e‘e)ntains h*ael, 'This is he*ate'el in a])|)re)priat(*. ve*sse'ls in 
eamtaed with the* air, whe*n the* h'ael is e)\idi/(‘d, while* tliei 
sil\(*r re*mains in the* me*lallie* state*. This me'tliod ef 
(‘(•nee'iil rating hy e-ry sta 1 1 ixat ion of le*ael is known as C'<l- 
f I nson s iiK’l hod . 

Aneethe-r me*t4n)e| of se*j>ai-ating h*ael anel silve*r imw e\- 
i(*nsi\(dy nse*el e'e)nsists in tre*a(ing the* me)lte*n alle»\ \d\i\i 
a small e|na.ntity of zirie*. 1’his takes up all tin* silv- i, 
anel the^ alhay e)t zinc am! silwu* thus fe)rme*el is re*n)e)\e<l, 
anel atte'iw'ards tre*ate*el with su})ei*h(*ated ste*arn, hy 
w hie*h the* zine* is oxielize*d and the^ silve'r hdt unchaiic' 'I. 

Se)me^ eere^s eef silve*.!' are*, tre'ate'el in anoth(*,r waiy, kii<'''\ii 
as the, a nmhfd mution prnersfi. ddie ejres arei mixeel with 
e-eemme)!! salt and 7’oasted, when the silver is ol)taiii<‘<l 
th(i feerm e)f thci chhariehi. ddiis is then reduce^d te) sihe i’ 
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l)v iiicjins of iron ;iml Avjitcn-, tlio reaction taking place as 
irj)i ('seut(^d in tin; following (‘(|nation : 

‘2AgCl + le ^ Fi^C].^ - 1 - 2Ag. 

J’lie jiiixture is lu'xt troat(Hl witli inercui v> wliicli forms 
nil iLiiialgani Avitli silver, wliil(‘ tlie oilier metals present 
not comliiiu', with tln^ mmcurv. 1'lie amalgam can 
111 s('|)a ratcMl irom the r<‘st oL tlic mass without mucli 
(lirticiilty, ami wlum Ji(*a,tc<l to a snfliciently Jiigh tejiiper- 
ntm c the UK'rcnry disl ils o\ m;, imixing the siiviu'. 

A iiiodilication of tlu' amalgamation process, known as 
ill!' Ameiican [u-occ'ss, consists in giinding tlu' oiins aiu n 
line, mixing tluun with sodium chloride', adding roash'd 
copper [lyidte's, which eonsisis largi'ly of copipe'r sul- 
]ili;d(‘, and tln'ii gradually adding nu'rcury. Tln^ silvi'r 
is slowly (‘onvert('<l into silw'i; amalgam. The ('x- 
plaiiatioii oi th(' pi’oce'ss is (his; ddie copjx'r sul])hate 
K'.-icts with the sodium (ddoridi' to form enprie*. chloride 
iiiid sodium sulphate', ('uprie* e‘hh)iid(‘ re'acts upon the 
sil\e_'r sulphide.' as re'prest'iite'el in the ('(juatiein 

2(Ju(d, + Ag,S (’uT'l i- 2.\g(d -f S. 

Ill*' e iipi’eius chleu’ide' thus forme'el acts upe)n the rest of 
die silver sult)hiele‘, feirming silver chloidde and cuprous 
sidphidi' : 

Cu.c\.^ I- Ag,s (hyS -f 2Ag01. 

lli(' silveu’ chhu'ide disse)lv(‘s in sexlium chloriele, and is 
di*'ii renluceel and conveu-tecel into the anftdgam bv the* 
iiieren r^ . 

Id*' silveu- in the marked i^? met pure. lA)r chemie*al 
purpose's it can l)e‘ purilienl by disseilving it in niti’ic 
‘“■'d, |>re‘cipitating by mex-ins of hyelreichlen-ie* ae*iel, tilter- 
lug and the)re)ughly Avashing the‘ e*hlorieleg aiiel reelue'ing 
diis e itheu' by melting it Avitli soeliuni carbe)nate, en- by 
pouring little dilute hyelroeddoric aciel upon it, and 
dicing a piece of zinc in ceAiitact Avitli it. In the 
'uiiicr (‘ase the reaction is 

dAg(d + Na.CO, 2Ag + CO, -f O ^ - 2NaCl ; 
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in the latter it is 

Zu + 2AgCl = ZnCl, + 2Ag. 

Proportios.— Silver is a white metal with a hi^^li lustr(\ 
of speeitie gravity 10.5. It is not aeted U])oii by i\\o air^ 
oxvgi'ii, or water. It imdts at a lowta’ t('m])eratiii(‘ tlian 
copper or gold, tlie melting-point Ixdng a])Ont JOOd . Aj 
tli(' temperntiin^ of tlio oxyhvdrogtm l)low])ip(‘ ii dislils, 
and ill the ex])eriine]ds of Stas on tlie atomic' ^\('ig|lls( f 
chlorine and silver th(‘ nndal nstal was piiritiod in this 
wav. Tt is hardm- than gold and softer tlian (oiijicr, 
and its liardness is much incrc'asc'd by tin' addition of a 
little c'opju'r. It coinbiiK's very rc'adily with snljilnir, 
forming black silvcu' sulphide', and ^\ith iddoriinn Inn- 
miin', and iodim*. d'ln' blackc'iiing of siher coins, aiih 
ot In'i' obji'cds carric'd alumt (In' person is cainw'd h\ tlie 
])r('senc(' of minide (|iianlil ic's of sulphur compounds in 
tin' pc'ispiration ; and tin* blacdo'iiing of spoons In con- 
tact with c'ggs is din' to tin' prc'seiice of sulphur in the 
albiinn'!! of tin' <'ggs. When [mo' sihi'r is nn-lted in tin' 
air it absorbs about twc'iity tinn's its volume of owgcii, 
and this is gi\-en off w In'ti tin' nn'tal solidities, caiisiny in 
solin' cases a sputtering of the siivt'r. d'his ] dn'iionn- 
non is observc'd in the si'jiaratiou of silvc'i’ {I'om its or* s 
in thos(' jiroci'sses in which it is in'ci'ssaa'y to nn'It tin' 
nn'tal. Lt is known as “splitting.” 

At tin* ordinarv tc'iii pc'i at ii les silvc'vis con vi'i'tcM i into 
tli(' peroN ide, Ag( ), bv o/.oin'. Win'll ti’i'ated with hy- 
drochloric acid, tin' metal becolin'S covi'ri'd with ;i thin 
la\ ( r of tin' chloride', and no furtln'r action takes iil.n * . 
but it is dissolvi'd easil\ by coiice'ii t rati'd suljihuric ;c i i 
and dilute' nitric acid. A\ dli the coiici'iitrati'd acinsit 
duction-products ari' iornu'd as with copper. Sib<'i is 
icadily dissolve d by a, sedutioii eif pedassium cyamdi-; 
In'iice, such a, solution is use'el in re'ineiving stains ennn* < 
liy silvf'i' salts. It is met acte'd U])oii by tin' alknlm*' 
3n<lroxi(b‘S nor by ])e)tassium nitrate in tin' molten o n 
dition, while jilatinum is. d'here'tore, silver ve'sse'ls ne 
used when it is deisired to nu'dt these substances in t n 
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labovntory, or to evn,|)orMt(‘ IIkmi’ sf)lntir)n, as in tlio 
preyaiation of tlio caustic alkaik's 
Allolropic Forms of Silver. — AI. Ca rny Lea lias dis- 
covoiaul several curious allotroj)ic forms of silver tlie 
principal of which are briefly described by him as fol- 
lows: Soluble, deep) red in solution, mat lilac, blmy 

or gr('eu whihi moist, brilliant l)luisli-gre(m nnhallif* 
Adn ii dry. B. Insol ubhg diu*iv(id from J, dark r(Ml- 
Jisli-hrown while moisi, when dry someswliat rescmildiiig 
J. C. (lold silvi'i’, daik brown while wet, when (li'\- 
rxnctly rfes(‘mblin 5 g metallic ge>ld in burnished lum])s. 
Of this form there is a variety which is copp)er-coh)red. 
Insoluble in water; appears to have no corresponding 
soliilh' form.” 

Tli(‘ form .1 is solubh' in water, ami the solution thu.-. 
foi'iiied has a (hasp red color, d'he ditl’ereut vai'icties 
aiv foi-iiied hy the action of reduciiii: agnmts on s.diiti< m:, 
ofsii\or salts. For exainplcg tln‘ imd soluble form is ol). 
taiiu'd ly jiiixing dilute S(dut,ions of h'rvous cit r.it.' and a 
silver salt. All tlu^ allotropic lorjus of silver are laaidily 
clianged to the ordinary foian. 

iMr. Lea lurlher says: “All the forms of allotropic 
silwr a, re s^msitive to light. A wlnm exposed to the 
.sunlight soon Ix'coines 'hi-own. The bright hi iie-ginuni 
vai i.'ty of /; is (diaiigcd info tin' pure gold-colonul vaihdv 

^'1 6. OLher forms of JJ turn brown on ('xi)osui(' to 
ligM.” ^ 

'I'he led-yellow variety of T changes to bright gold 
CoJitiiiiU'd expiomiro S('enis to jiroduci' ]ittl(‘ 
fiinlK'r (diange so long as the sul)sla,nc(‘ is dry. kbit if 
dm papiH’ oil whi(di tlnA sihao* is plarci! is lo'pt imust l)y 
^ ])a(l, with three or loiii’ days ot good sunshine, the 

th.iiige goes on until the silver laecomes perfectly white 
is apparently changed to normal silver.” 

Alloys of Silver. — For practical use, as iji making coins 
''id silv(U'-\var(g an alloy with (*o|)p)er is used, tin' pure 
(nl Ix'ing too soft, d’lu' alloy usually contains from 
' d> 10 pKn* cent of copjxu’. This alloy is hardm; than 
i'""' silvi'i’, ami is cayiahhA of a. higlu'r p)olish. Silver 
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amalgam is an alloy of silver and mercury, wliich is 
readily f(U‘med hy bringing the two metals togetlu r. 

Argentoiis Chloride, AgjCl or Ag4Cla, is formed h\ licat- 
iiig arg(Md()ns salts with h vdrotddoric acid, and, possil)l\ 
to soiii»‘ ext(‘i)t wlieii silv(‘r (diloride, Ag(d, is ('xposrd 
tli(‘ lighi, tioiigli (his is <lonbtfiil. 

Silver Chloride, Argentic Chloride, AgCl, is of s|K‘( ia[ 
i 111 j )oi tanct‘ «»n accomd ot its us(‘ in jdiotogi'a pin and jn 
clieiiiica 1 analysis. It (M'cni’s hi natni’c to soiik' (‘xlciit 
ill Mexico and in tin* I idled States. It is easih foinKij 
as a wliiti* pr{'('ipitat(‘ l>y adding liydi'ocliloric acid to ,1 
solution (d* a silv<*i’ salt, as, foe exainph*, tin* nitrate. Ja 
coiiseipienc(‘ of its insoluliilily in water it affords a roii- 
vi'iiieiit iiK'ans of d(‘te(ding silvi'i* and (di loiiiua If 
allowed to stand in tin* light it <dianges (‘olor, hi'coiiiine 
hi'st vioh't and finally bla(d<. Idiis (diaiiga* in eoloi 
ap])ears to lie dne cnfirely to the redindion of (In 
cliloi'idi* to the loi'in of nn'tallic silver. ( 'oina'iif raltMl 
Ji\'di’0(diIori(* acid diss(d\es it soniew hat, a ml from tins 
solution it cr\ slallizes in octahedrons. An aijin'oiis solu- 
tion of animonia dissolxaus it \ery easily, in coiiseipieiice 
of tin* formation of a, conipoiind of t in* (diloidih* with aiii- 
nionia analogons t<» thosi* foinn'd ])V copp(*r salts, d lie 
('oni jiosition <d’ tin* coinponnd in tin* solution is, liow- 
(*ver, not known. Coina'iit rated solutions of ]»of assiiim. 
sodinni, and ainmoninni chlorides dissolvi* silver (dilo- 
ri(h*, forming double (ddoriih's ; and ]>otassiiini cyanide 
also fitrnis an easily solulde double salt with it. d he 
dry c(niij)ound absorbs animonia gas, forming a <0111- 
])onnd of the formula '.^.\g( d.dX 1 1 ,, whiidi rr*a(lily gne> 
up tin* amnioida wln*n g<'ntl\ heat(*d. 

Silver Bromide, AgBr, and Silver Iodide, Agl, are xeiy 
similar to the (ddorhh*. Both occur in nature, and belli 
are pr(*cipitat(‘d froin solutions of silver salts by mhljiiy' 
the (•orrespomling hydrog(*n aci<ls. The broiniih* h 
easily soluble in anuinmia than the chloride, and fhr 
iodide is almost insoluble in it. The bromide is ioi nn'il 
by tr(*ating tin*, chloride at the ordinary t(*m[)<‘ratiirc ^^itk 
liydrobromic^ acid; ajid the iodidix is fornnid from the 
chloride and from the }>romide by treating th(*se^^ilh 
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livdricdit* acid at ordinary tenn)eratiir(*s. At Inglior 
ratures, however, i)otli the hroinide and iodide are 
^,,^jjv(‘i h'd into the chloride by liytlrocliloric acid. Silver 
,|i^so1v»‘S in concentrated hydriodic acid, and from tin* 
solid i"ii M salt of th(' formula A^l ) ill or IlAi^I^ is 
foi'iiioil. If semns prohahh^ that tliis is a derivative^ of 
ll„> jicid H.d,, from which the donhh^ salt Ivl.Agi is also 
doiivod, as indicated in tin* formula l\Agi.,. Silv(‘r 
l)i()iiiid(‘ at low t('m|)(‘ratur(‘s is white*, hut eaisily e-hange^s 
to vcilow, anel l)y t'xpe>sure* it he'comos elarke*r, hut imt as 
ivndilv .-IS the^ e*lde)riele'. ddie* ie)elieh‘ is ye‘lle)W, aiiel unde*r- 
o,)(-s (di;iiig<‘ in the* light eudy ve'i v slowly. 'TIh' chloride 
and iodieh* e'xist in se*ve‘ral me>elilie'atie)ns, wliiedi differ 
from one aii(dlu*r in the*ii’ e-euielued towai'els light, anel in 
tli('ii‘ soluhilitv. T^i’ohahlv the> elilf(‘re‘iie‘e‘s aie* elue* to 
fliridrmit e‘om|)h'xit \' e)f the* m< de'cule'S. l\re)ditie-ations 
(■()Vi('S])onding to the* formulas Ag(d, AgF, Ag.dl,,, Ag,J,,, 
Aj^td,, Ag.T,,, e'te*., an* ejuih* ee)lu-e‘ivahh‘. 'Idle* (*are*ful 
study of the e*lVe*cts of ligld u])on tin* dilV(*n'nt moditica- 
tioiis s('(*ms to promise inte'n'sling re*sulis, wliie‘h mav 
make* it y)e)ssihle tee judge as to the* ri'lative* complexity 
of (lie* me)h'e*uh*S. 

Application of the Chloride, Bromide, and Iodide of 
Silve'sr in the Art of Photography. - The* aid e)f plie)te>graphy 
m based ii])e>n the* e'liange's whiedi e*ertain e-eim pe)unels, 
(‘SjK'cially salts e)f sih’e*r, iimh'rge) whe*n (*xpose*d to the 
liglil. Silve'r iodide is hest ada])tcd te> most pur]H)ses. 
d li<‘ salt is se) e*liange*ei hv the* light that w li(*ii tre*ate*el 
uilli e'(>rtaiu e'e)m])eumds, sue'li as lei‘re)us sulphate*, ])vre)- 
:ia!lic acid, e'tc., e-alh'el “ dcve*h)J)e'rs,” a eh*pe)sit of tine'ly 
di\i(h‘d sil\e‘r is fe)i’me‘d upem llie* plate* in tlose* plae‘(*s 
altrote'el hv the light. A ])lMte‘ e)f gl;iss e)r a slie'e't e)f 
['• ojie rly ])repaTed pap(*r is ce)vereel in the elark with a 
fidii layc'r e)f a sadt e)f silvt*r. The yilate is then ox])e)sed 
di tile*, cameu'a te) the aetie)ii e)f the* light whieli is re'tleeteel 
hoiii ili,i o])j(*(*t te) he*i pliot«)grapheel. Ae*ee)i‘diug te> the* 
I'ltciisity of the liglit give'ii olf from the* varieuis parts e)f 
Ik ol)j(*ct, the eliang(*i e)f tlie* silve'r salt take‘s [)lae'e* te) a 
K'' de*r or h*ss (*\te*nt, anel tlins a ])(*rfeet image e)f the 
cl'j. ct is impressed upe)n the j)late. Ihit afte*r tlie a^'tion 
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of the ‘‘(lev(‘l()per” is complete there is still upon tlu- 
j)hite uuchaii; 4 (Hl silviM* suit, uud it this were now exposi^ 
to the li^lit it would under^^o chuiige and the iiu.in,. 
would be o])litt‘r;d(Ml. d’o remov(‘ this salt tin' plate is 
Avaslu'd with a solution of sodium thiosulpliat(‘, N;i,^S () 
(hvposul[)liitt‘), which dissolve's tlu' salt in cojiseapuMua' 
ot tlu' foiiiiation ot‘ a (h)ul)lc salt of tin; foinmla 
2Na.jS„( Ij. A^'..S..( > 3 , which is rc'adily soluble in watci'. 

Silver Triazoato, AgNj. — This is derived from trinznin 
acid (which It is lormed bv adding a. solution of llio 

acid to a solution of a silver salt. It is »‘xtr(*nndv t'\[)lf). 
si\(‘ and slioidd bo dealt with Ncry cautiouslw Sciious 
accnloiits hav(‘ laam caused by it. Jii appi'araiice i! 
resembles silve'i* chloi’ide, but it does not darken wjujii 
o\pos(m| to the ilgjil. 

Silver Oxide, Ag.O.- Tin' pidiicipal compound ofsihci 
and oxygen is that w hi<di has the <'oni posit ion Ag.(), and 
in which tin' silxau’ is mii\alonl, as it is in its com ponmis 
with (ddoriiK', bromiiit', and iodine', it is humn'd wli -n 
a soluble' hyeiroxide' is aehh'd te) a se)lutio]i e)f a sil\( r 
salt, and also by the' aedion of e-oina'iitraie'd solutions of 
the (‘aiistie: alkaiie's e)n sihe'i’ e'hherieh*. It is easih dc- 
coni])()sed by lu'at ainl by re'eliicing age'iits. 

Other Oxides of Silver.- Jlcsieh's the' ordinarN' eaxiehn, 
sil\'ci’ forms a sul)-e oxide', Ag^( ), eor re 's ponding to the* snh- 
oxide' of cop]M‘r, ( hg( ), anel a j)e‘re)xide of the' formula 
Ag( ) (or v\gdh,), whie'h is pe'idiaps analogous to e*n|)i'in 
oxide'. 

Sulphides of Silver. — As has be'e'ii state'el, silver occni's 
in nature' mostly in e'ombiiiatiou with sul])hui‘ as siho 
glance*, Ag.^S, wliiedi is in man\ mijn'i’als in ce)mbiiiatioii 
Avith otln*!' sul jehieh'S. Iv\a,iti])h‘s of such ehuibh' siil- 
])hiele*s are' the> iniin'j'a,ls stre)un'yerite', Cu,.S.Ag,,S, and 
py ] a I gy r i t ( ‘ , d A g.^S. SI 

Silver Nitrate, Argentic Nitrate, AgNO.,. — This sail i- 
fornieel by' elissol\ ijig silve'i*, eu' silve^r’ eexieh', in niti'ie* acid, 
evaporating to elryne*ss, aiiel lu'ating until the salt i- 
melted. It e^rystallize'S in ce»le>rless rhe)mbic ])hite's. 1 1 
is not changed in the light uidess it ce)mes in e*ontai 1 
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vitli substiinces, wlien it is reduced and metallic. 

ilvoL’ deposited. Hence the solution produces black 
snots nil the tinkers and clotllin<^^ As it melts easily, it 
is ..niierally cjist in small cylindrical moulds, and is found 
in tin' market in tln^ form of thin sticks, and is known as 
jiimir ciiiisflc. It disintegrates llesh, and is used in sur- 
a caustic to remove sn[)erlluons <^a-owths. Owiii}^^ 
((, tin* formation of a dark <h‘[)osit wlnni the salt is e,\- 
jiost'd io the lij^ht, it is us<mI as a conslitmmt of indelible 
inks. The dry nitrab^ absorbs ammonia and forms the 
(‘oiiipoinid Ao'NO., [- 'IM t, ; in conccntrairal solution the 
i‘(iiii|)ouml b is tornual. 

Silver Cyanido, AgCN, is formed as a case()US pre- 
citiitati' wlieu a. s<dutioiv of hvdrocvanic. acid is added to 
;i sohilion of silver nitrate. It does not changi', color in 
tin' liitid, is soU\\)le in ammonia, but not in nita'ic acid. 
It readilv f«)rn\s do\ible cvanidi's with tln^ cyanide's of 
ether nu'tals. Of tln‘S(', tin' salt with ])otassium cyanide, 
KA^((’N)„ or K('N.Ap('N, may Ix' nn'iitioin'd. 

Silver Sulpliocyamito, AgSCN, is vi'ry similar to the 
(‘v:ndd(', and is formed winm solnlions of silver nitrate 
;md ])otassiuni or ainmonium snl[)hocyana.te. aia^ bi'ought 
teL:,(‘th(‘r. It is solubh' in an ('\c('ss of tlu^ solubh' cy- 
:mid('S, donbl(‘ salts similar to tin' donbh' cyaiiides Ix'ing 
leriiied. 

Borates of Silver. When a cold coina'iiiratcd solution 
ef sodium iin‘tal)orat(‘, Na IK is niixt'd with a similar 
solution of silv{'i' idtiate a [ua'cipitate (d* sihu'i' meta- 
hoiati', AglK),„ containing sonn' silvc'r oxide is formed. 
\\ hen diluh^ solutions of tin' two ('om])onnds aia^ mixed 
]>rt'ci|)itat(', of silvi'i’ oxid<' is fornu'd ; so, also, silver 
Jin'tal)orat(', is d('com[)os('d bv watc'r into boric acid and 
silv('v oxid(*j and wln'ii tin' solution in which the ])re- 
vi))itat(^ is sus[)('nd(Hl is boih'il tin', sann' clnuigc' takes 
j'lace. burther, wln'ii (-old concentrati'd solutions of 
silv('j‘ nitrate and borax art* mi\('d, silver octoborate, 
is p)reci[)itat('d, and this is mixed with some 
silver oxide. AVln'U the solution is boih'd, the silvc'i* salt 
i ilecomposed into boric- acid and silver oxide. AVhvm 
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the solutions of borax and silver nitrate are mixed liot 
the preeipiiate is the metaborate of silver. 

Reactions which are of Special Value in Chemical 
Analysis.— acul j)reei[)itates insoluble si[v( i 
chloride from sidutioiis of silver salts, as silver nitiatf^ 

Soluble bydroxides pias-ipitate silver oxid(‘, not thi' iiy^ 
:lro.\i(l(‘. Ammonia nnlisscdves the })recipitat(‘ iu eoiise- 
(pience of the formation of a coni 2 )()und of tlie oxides with 
ammonia of tln^ composition A^A).t^N,Hy. In diy coji- 
dition this salt is \ovy explosive, and is known as i'lih 
niinating silver. 

Soluble corbouote.s [inwi j)itat(^ the carbonate, Ac;„( *0 , 
wliieh has a jedlowish-w hi(<‘ coIo]-. 

^i/tiuioniufn eit rJxoude nslissolves the 2)recipitate foi'Jiicd 
])y it. 

Siulumi p/io^'jdude, JlXa J’O^, oivo.s a precipitate of tlio 
normal salt A^,,P(),, whi(di is y(dlo\v. 

J*of(i-sshnu /'err(>rf/(()iide pr(wi])itates white silver ferro- 
cyaiiid(', A^A'h‘((’X 

Potossiuui /erri(‘i/(fn.ide, KJ’had’X),, j^ives th(i con’o- 
S[)on(lin^ silv(‘r .salt, Avhich is ]-(Mhlish brown. 

Potossi uiii chrouude ov pofousbt m di(‘h rouKde (whi(di s(Md 
gives a brownish-red precipitate of silver chromate. 

Gold, Au (^Ai. \Vt. 11)5.71). 

General. — Hold forms two seides of compounds, in one 
of whi(di it is univalent ainl in the other trivahnit. Tii 
tins res})(n't it <litlV‘rs from th(‘ otlnvr members of tii'' 
group. JA'am])les of the compounds ladonging to tlm 
two seiies ai'o reju-esfuih'd by the following formulas: 

AuGl AuCb 

Aullr AuJby 

An/) AigOg 

Those of the first s<‘ri<‘s are called aurou.s eo)U'pou)id>i, 
those of the second s(‘ries auric compounds. The hasie 
character of gold is verv^ wmak, so that salts of the oidi- 
nary acids, as sulphuric, nitric, carbonic, etc., are not 
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l^iio^vii. On the other hand, its liiglier oxide and liy- 
dioKidt', Aii(OH)„ have aeid properties, and form salts 
similar ia eonipositioii to the imda-aliimiiiates MA1()„ 
tlia metaborates MJ>C).^. Thes(^ art^ the e?/m/os‘, of 
^vliicli potassium aurate, KAn( ),, is an exalnjde. Ho, also, 
tli(‘ cliloi'idt' eombines readily with the ehlorides of potas- 
siinii and sodium, forming th(‘ clihn'-a u XAuCI,, and 
NaAuCl^, whieh are perl\‘ctly analogous to the aurates. 
iurHu'V, the chloride and bronddt^ coml»iiie respectively 
wilh liV(b‘ochlori(* and h vdrobromii* acids, foianinp; th(‘ 

( rvstalli/(‘d compounds HAuC’l, | tH.,() and HAuJb'^ | 
,jll O, wliich ])lainly tin* acids from which the chh r- 
uuiatcs and the brom-auvates are derixaal. 

Besides the compounds of pjold in which tin* (‘hunent 
is univalent and those in which it is tcivahuit, the clilo- 
imlo Au(.U,, and the In'omide, Aulir^, have bea*ai described, 
but their existence is doubtful. 

Forms in which Gold occurs in Nature. — Gold is i^eu- 
orally found in mdur(> in the native condition — a fact 
wldcli is undoubte<lly due; to tin* cliemi('al inactivity of 
tli(‘ (*h*ni('nt. That whi(‘h is found in nature is never 
pure, l)ut coidaiiis silver, and also, in ditlereid localities, 
iron, copp(U', and otlu'r metals. It is also found to some 
exttuil in combination \\itli tellurinm iii the compounds 
Aul(*^ and (AuAp;),/re.^. A'ative p;ohl is fr<'(piently found 
eii(dos(‘d in (piait/, or nnua* commoiih in (pmrtz sand, 
llic principal localities in which it is found aia* ( 'alifoi iiia. 
‘■^Jid soiin^ of tln^ other Westc'rn Gnited States, and 
Aiislialia, Kunp^aiy, Sibeida, and Africa. 

Metallurgy of Gold.— From the cht‘mii*al ])oiid of vieAv 
die ni('tallurgy of gold is in g(‘n(‘ral very simple. Tliere 
'^'■e two kinds of gohl mining called pltKrr minimj and 
iiiniDKj. In the fornn*!* Ihe (*arth and sand wliich 
‘‘"’da in. gold are washed with water, which carries a\\av 
die ]iglit('i’ ])ar(icl('s, and l(‘av(*s the gold mixed with 
"dier heavy materials. This mixture is then treated 
iii(*rcury, whi(*h forms an amalgam with the gohl, as 
d d<)('s witli silv('r, ami wh(*ii this is phuu'd in a propi- 
' 'mstructed retort iiud luxated, tin* mercury passes 
"^ei leaves the gold beliiiid. If silver is present, as 
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is fro(|uontly tlio ciiho, tliis is separated witli t]i(' r,,],] 
In rein mining the gold ores are taken out of vi'iiis in H,,. 
(S'lrtli, and tin' gold separated by grinding the or* s an,] 
triaiting tliein with mereiiry, as in the last stag(‘ of ])lac,.i 
milling, llgdrunlie mining is a niodilieation of ordimn v 
jilaem- mining. It consists in forcing water iiinlci- pivs- 
siir(‘ against the sides of hills and mountains in wliic], 
gold occurs loosidy mixed with tin' ('arth. Tin* ('ui tli is 
thus carried away and the In'avit'r gold is d('[)osit(M| i,, 
sluii'es. 

Some ores, those especially wliich contain tellin jiim, 
cannot bo satisbictorily lr('at(‘d by tlie am/ilganialiim 
process, and a meiliod inxolving tin' use (.f ])ol;issiiiiii 
<^yanid(‘ has beendevisod fortln'in. In a. solution of liiis 
salt gold dissolve's, and fi-om this solution it can In' sep- 
araii'd in various ways. This iindhod lias come into c\. 
tensive use of la(<^ ye'ars. 

Aiiotliei’ ])roc<'SS that is ('xte'iisi vely used in tin' ti'(‘:ih 
ineiit of ori'S that do not giv<^ their gold to iin'icm v is 
know II as th(‘ ton jn'occss. ^This consists in tusit 

ing tin* lincly ground ore; with (‘hloiine made fimn 
bleaching piowdci* and sul]>huric acid, and tlnui p'l- 
cipitaring the gold fi-om tin' solution of tlu^ (diloi idi' l'\ 
means of h\drogmi sul])hid(‘. h'rom the suljiliidi* tiic 
Jindallic, gold can be ('asilv obtaijn-d. 

d’h(' gold obtained by any of tln^ abov(‘ nnddiods is ik'I 
pun*. It can Ix' s<'pa.rat('d from silvm* ])y dissolvinij ]t 
ill (Kjitii /vp/b, ('va pora t i ng so as to drive, off the nilrir 
acid, then diluting, and lia'ating with a ri'ducing aja iit, 
when met a 1 1 ic gob I is ]uami pit ati'd. Thus wlien fmieiis 
sulpiiati* IS usetl lh(^ following la'acdion takes place: 

dbeSO^ -f And, FedSCb)^, I - Teri, f All. 

Anothi'r im'tliod of separating silvc'r from an alley 
with gold consists in tri'ating tlu^ metal with nitric arid 
or with l)oiliiig conc('ntra,tc(l suljdiuric acid, w lii( h dis- 
solv(‘S the silvi'i’ and h‘av(‘S tln^ gold. This process 
not satisfactory, however, unless tlu', a, mount of gold ni 
tin; alloy is less than 25 p«sr c(Uit. If the projxartioi; "t 
gold is great<n’ than this, the alloy is melted with sibi r 
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1,0 brin^^ tlio porcenbigo of gold down to tliat 
mpiitioiHHl. Tliirt is known as “ quarfationr 
Properties. — Gold is a yollow’ metal with a high bistro. 

It is (|uito soft, and oxtromoly mallo;d)h‘, so tliat it is 
ssihle ti) inako from it slu'ots th(‘ tlih'knoss of wliioli is 
jiot inoro than O.OOOOlki milliimdor. Thin shoots aro 
tnnisliieont, and tho transmittod liglit appivirs groon. 
Its six'eilio gravity is 19.:i ; its moltiiig-poiiit liiglierthan 
iliat of ooppor, being about 1'20() It erystalli/es in the 
i(M.uliir svshmi. Gol<l oombim‘s diriM-tly with elihirino, 
l)iit not with oxvgmi. threi^ aoids, hydian'liloiio, 

iiiliii*, ami snlphuric, do not act upon it; Vnit aqiia 
iniia dissolves it, forming anric cliloriihy AiilJl^, in oon- 
si ipumco of tho evolution of nascont chlorino. iNIolton 
ciiiLsIic alkalii'S and their nitrat(‘s act upon it, probably 
ill (‘oiisiapience of tho tmidency to form aairates. 

Alloys of Gold. — Tho principal alloy of gold is that 
wliicli contains coppoi'. d'li(‘ standard gold coin of tho 
1 Jiitod Statiis contains nine parts of gold to oik' «)f cop- 
jar. ddio composition of gold used lor jew<d ry is usually 
staled in h.'rnis of carats. I’uri' gold is 21-caiat gold; 
-(•-l aral gold contains 2(1 parts of gold and 1 parts of 
eopjii-r; bS-carat gold contains IS parts of gold and 0 
jiai ts of copp(‘r, (dc. (Jop[)tu‘ giv(‘s gohl a, rmhlish color, 
and makes it harder and more easily fusibh'. Gold is 
also alloye'd with silver; and the alloy with mercury, 
tiiowii as gohl-ainalgaiii, is <‘xtensively use'd in th(‘ pro- 
o'ss(‘s for extracting gold from its oia^s. 

Chlorides of Gold. — \\ hen gold is dissolved in 

it is eoji ven ted into x ri<‘ chJondv, ; and if this 

^"hiti(»n is {‘vaporatml a part of the cldori(h‘ is di'eoni- 
g’sei 1 into iiiirous chloriile, Au( d, and cldorinta A\ hen gohl 
b ii'(‘at(a] with dry oldoi-ino it yields a mixture of aurio 
‘‘Idorido and nudallic! gold, ddds was formerly hold to 
1 h‘ a (diloriilo of tho formid.a .VnCI.., hut tlu^ most candid 
hi Vo h ij^a|i() 2 is on tln^ sidijoct hav(' shown that this doi'S 
het exist. Auric chlorido ca.n l)(> ohiained in crystal- 
foian, the crystals having tin' coni position Ant'l^ |- 
211*). When anhydrous auric, chlorido is lusitial to 
, it loses chlorine and is converted into auroiis chlo« 
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ride, AuCl. This yields auric cliloride and w],, !, 
treated ^vitli water. Wlien treated with a solnliou of 
stannous cliloride a solutioii of auric chloride s a 
jiurple-colored precipitate, known as the purple of Cm, 
6UIS, which appears to consist of finely-divided ^^old. 

Chlor-auric Acid and its Salts. — AVhen a solid ion 
gold in aqud re<jiii containing a large excess of livdi,,. 
chloric acid is ('vaiioratiMl a crystallized proiliict of th,. 
formula HAuCl, -f 4T1,0, or Au(d],.HC] -f IH./), is ol,- 
tained. Tliis is chlor-auric acid. It must he ri'naido,] 
as lielongiug to the same class as fiuosilicic arid and 
the chlon^-aidds, from whi(di the doulile (diloridrs of 
magnesium, aluminium, coppi'V, etc., are derived. Ac- 
cordingly its . constitution is expressml by tlui foriiiida 

/Cl 

An --C1 , lieing similar to that of the acid from wliirli 


/Cl 

ootassiiim chlor-aluminate is derived. Al- Cl . 1 Ih' 

potassium salt, KAuCl^, is obtained by mixing togetlu r 
solutions of auric, and potassium chloiddes. 

Cyan-auric Acid, HAii(CN)., is jan’lectly ana logons to 
clilor-auric acid. It is formed by trcnating the potassinm 
salt, KAufCNb, with silver nitrate, which gives tin* silvov 
bait, and tlnm (l(‘com[)osing this with hydroidiloric arid. 
The potassium salt is obtained b\' mixing solulioiis el 
aurit! chloride* and potassium c\'ani(h‘. Tin* salts ot a 
(Hjo n~<(U rou.'; oca/, llAn(CN).,, are also known. 

Auric Hydroxide, Au(OII):,.- This com])ound is he mod 
by treating a solution of auric chloride* with an (‘xrossni 
magnesia, or with sodium Jn'dioxich*, and afterwards witli 
sealium sul])hat<\ It is a yedlow' or brown ])owdrr. 
When ex})os(*d to tin? light it is d(‘com])oS(‘d with evolu- 


tion of oxygen. When h(‘ated to 100 it yields 
o.rvV/e, AuA)„ and wh(‘Ji this is h(‘at(*d to a higln*!’ O'lnpoi i- 
ture it los(‘s all its oxygen. Auvouh oxide, An./), is torm'*^ 
by treating aurous chloride with caustic potash. H 's 
easily decomposed by heat into gold and oxygen. 

Auric hydre)xide dissolves in the soluble hydroxi lr^ 
just as alundniuni hydroxide docs, and fi oni the solut^''*‘^ 
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Iviiown n-s tli/e auratcJi axQ obtaiiKnl. In coinposition 
tbeso; ;U'e analogous to the meta-aliiiniiiates. Potassium 
rir:it<b example, has the coinpositif)n KAiiO,. The 
an:ilo^,'V between some of the conipoumls of aluminium 
iiud those of gf)ltl is shown in the following table: 


Aip., 

AuT), 

A1(0H). 

Aih'OH), 

A1 _oK 

An ^)K 

AlCl, 

Auf’l, 


/Cl • 

\(C1,)K 


Jold Sulphide, Au,S,. — This compound is j)reei])iULti.‘d 
together with sulphur from cold solutions of gold salts 
l)v means of livdrogen Hul})hide, and forms a brownish 
black mass. It forms soluble compounds with the sul- 
pliides of the alkali metals. 

W hen hydrogen sulphide is passed into liot solutions 
of gold salts aurous sulphide, Au,S, is thrown down as 
a steel-gray snbstama'. This is solnbh' in ])ure water 
aud is reprecipitated by hydrochloric acid. 
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KLEMKNTS OF FAMILY If, GROUP B: 

Z 1 N C- 1 ' A 1 )M I U .M— .M 1': R(J U R V . 

General. — Then' is a \(‘ry sfroii^^ I'c^seiiiLlaiKas 
tlh^ lirst two t‘l(‘iiioiits «»t lliis ^■^•olI|) aii<l 
wliilo iia'i't-urv, ill a in ‘ oi 1 way, rcsi'iiiLK's tin* lirst tuM 
iiK'iiilx'rs of tlu^ t'oppor L;roii|). Just as gold iu llic coi,- 
[irr gi'otip funiislics a giTatoi; variidy of ('oiij|toii)ids lli.m 
Oic lij’st two iiK'inlirrs of that grouj), so nicycnn fia- 
iiislics a grt'ater varirtx' of ('oni jioiunls Ilian tln^ otlirr 
iiK'iiilini's of (lio groiij) to which it ladongs. Zinc aim 
cadiiiiiini, lilo' niagin'siiiin, gi\<‘ only oin' class of coiii- 
ooiinds and in these they an* Liva.Icnt. ddic giniei’al i’ei- 
ninlas of solin' of the yaaiicipal oiuas are; 

MCI, M(()I1),, ^FO, >FS()„ MCO^, 

Mc'icury, on tln^ oiJnu’ liaiid, fnrnisln's two sin iesid’ com 
jionnds, know 11 as tln^ nK'i'ni roes and mercuric coin jioinnls 
which corrcs^iond idosidy to tlni two sma’cs ot copjHi' 
salts. Tln^ }n)wer to form compounds Ix'longhig to hell' 
serii's is more strongly devidopml in nnwcury than in 
cop])('i'. Im\a.ni[)les of tlm two classes arc repircsciitcd xU 
tlie follow ing formulas : 

;\Icn'nr-iiis Ci iinpoiiiids. Mrmin'c 0"iiif>ounds. 

H^iCi ir-ci, 

HkI h-i, 

Hm> le'O 

llgXO, IfrfNO,),, etc. 

Just as th(‘ first memher of Orou]') A, Family TL ghi' i- 
jjiiin, shows a s(»nnnviiat acidic cdiaractor in its hytd"'^' 
ide, while tint other memhers of that groiiji do not ; -') 
also the first iueiuber of Group ii, P'amily II, > '' 

(tilO) 
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acidic’, while the other members of the p^ronp are not. 
(lliiciiiiiiii liyclroxide a)ul ziuc hydroxide dissolve in 
caiisiio alkalies, forming glucinates and zincates ; while 
till' livdroxides t)f all the other members of the two 
groups of this family are insoluble in caustic alkalies. 

ZiNT, Zn (At. Wt. (ViM). 

General.- /inc, in almost all its compounds, exhibits 

( Insr ivscinblance to magm^sinin. It always acts as a 
|)i\;il('iil ckmienl. 

Forms in which it occurs in Nature. — Zinc {)ccuis in 
inline in combination princip;d 1 \' as tln^ cai’bonabnor 
suiillisniiitc', Zn( ),y, as t hr s\d j *li i<lc, oi- splia Im ii <*, ZnS ; 

and ;is the silicate, Zn,,Si()^. Ann mg ol Inn; coni pounds 
Ml /inc fonnd in mdnrt* are gahnites ZinAK , and fiank- 
Unite, wliicli c(-)niains tin* componml Zin bc( ) i with 
IVld'O.p. ^ '' 

Metallurgy. — nndallurgy of zim^ is inncli sinpih'r 
hinn llintof magiK'siuni, for the rmnson that tln^ oians aiai 
easily eoiiv('rt('d into tim oxide bv roasting, and tin' oxidii 
isi'.'isily rediictnl by lending it wiili (‘Inireoal Owing to 
tile volatility of tin ' nnhal the xa^sseds in which I In' la'dnc- 
liini is ('ll('et('d must Ix' so const rnet('d as to fa< ilitat(' the 
ri'iidriisation of tin* vapors. Tin' v('ss('ls nsrp ;iia‘ ('ithi'r 
*'■! I j lie II wa i‘(‘ iniillles or tnlx'S, oju'ii ad oin' (wai and coii- 
iiccIimI with iron rcMad vers. iii’sl the-, zinc \apor is 

‘‘i)ii(](>iist'd in the foian of a, tim* dust, as in the casi* of 
^'dplini’. This forms tin* conim<'n*ial ])rodnct calh'd 
■■iiir iJusi.. Ft ahvavs {*oiit;nns zinc oxide. Aftc'i wards 
tile /iiH* (*ond(mscs to tin* form of a. liipiid, and this is 
‘■'^t in plates, The zinc thus obtaim*d is Jiot ]mrc, but 
'■"idains lead and iron, and sometimes arsenie and cail 
Jiniiiii. It is calh'd sjxl/rr. I>y I’cjicaU'd distillation it 
he obtained pni’e. \V In'ii distilled nndi'r diniinislu'd 
invssiird, it is deposih'd in Ix'autiful lustrous crvsials, 
tile toinis of whicli are exiia'iin'ly complicated. 

Idopertios. Zinc lias a bluisli-white color a, ml a high 
lusir,,. I'lie 

crystals above r<‘ferred to, which are 2 )er- 
foeily pui *0 have a brilliant lustre, and do not 
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clijinfje iji tlio air. At: ditVereiifc toniperatiin's /ii,,. 
markedly diflereiit |)i-()])(*rti(‘s. At ordinary Imnpci ;il m^s 
it is (piit(' krillle ; at 100' laO’it eaii be rolltMi 
•slieets, ])iit above '200’ it b(‘comes brittle^ ap;aiii. It units 
at -l'k‘) , and boils at 1010 ’. W Inni liealt'd in fli,- .lii' jt 
iak(‘s lire, and burns with a bluish ilani<‘, fonnino yj,,,. 
o\i(l«n This e;in b(‘ shown by nu'ans of tin' ow liMlf,,. 
^en blow])i[)(‘. In dry air it dines not (diaii^^e.* Oidin.in 
zine dissolvt's in nil thr eoninion arids, nsnnlh widi ( Vd- 
liition ot hydro^i'ii. in tin* casi' of niti’ie ncid, liowmcr 
thn hydroiteii nets upon thn arid, ri'd iiciii;^- it to a in im )|ii;y 
Till' jmi'i'r thr zine the less rrndily is it nrtrd upon liv 
sulphurie acid, and tlic puri' crystals alioxc ivlorivd 
to ari^ scarcidy acti'd upon at all ]>\ this acid. Zinc 
also dissolves in the caustic alkalii'S, forniiiip ziiicali s, 
Ihire zini' can be made to act i.'pon sulphuric acid li\ 
adding’ a few drops of platinum idiloridin 

Applications.-- Zinc is c\tensi\cl\ used as slu'el -/im , 
in makiii;.^’ p,al\anic batterii's, foi- pal vaiiizinj;' iron, cir. 
Zinc dust is a vci'y (‘IhciiUit rcdindiip apeiil, (*itli('r in al- 
kaline oi- in acid solution. ^\ itll caustic alkaliins as, Im 
exauijdi', with potassium hydroxide— it pivi'S hydiopcn 
and a zincate . 

Zn -)- 2K()H ZiKOIvy j Jl,. 

A\ith sulphuric acid also it pives hydropen lanidily 
Zinc is iisi'd in thi' ]>repai‘at ion of im])oi tani alloys. 

Alloys. -Iron covci-ed with a. layer of zinc is known 
as (jdU'dinzrd Iron. As has bemi mmitioned, zinc is a 
constituent of hntss. It combines ri'adily with imucniy 
tr) form zinc amalpam, and this fact is taki n advaidapi- 
of for tin* ])ur[)ose of pia'smwinp tln^ zinc plates in pal- 
vaidc batt(!ri(‘S. Zinc [)hit(‘S coveianl with a hiyci ot 
the amalpam are acttnl upon mmdi more slowly tliaii 
zinc itself. The amalpamation is et't(‘cte<l l)y clean my 
the zinc, dip[)inp it in dilute', sulphuric, acid, and ruhi'iny 
mercury over the surface with a brusli or a iiiecc e! 
clotli. 

Zinc Chloride, ZnCb. — Tliis is prepared by treat my 
zinc with chlorine, or by dissolving zinc in hydrochlon* 
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rvaponiting to dryness, and distillin^^ tl:e residue. It 
is a w d(^li(iueseeiit mass. I'rom a. very eoneentrated 
solution ill liydrocldorie a(*id it is obtained in crystals 
,,f tlu' (‘oniposition Zn( 11^ • | ir.^( ). AVdien the solution is 
evapoi .ited tlien^ is always some d<‘(*om position into basie 
clilniides, the ]iydroxid(% and oxid(\ The basic chloride 
is formed thus : 

/n<[;[+ riTTO I-HCI; 


tlit‘ liydroxiih' thus : 

A)\l 


Oil 


4-11110=. I HOI; 

and hy hi^ier Innatiiig ih(‘ hydro\i(h‘ yitdds the oxide 
and water : 

on 


/li- 


on 


/nO ! Tl ( ). 


Mil' eld()ri(l(‘ has a, iiiark(‘d alVuiity for water, and is used 
in tlip laboratory, as snlpliurio acid and phospliorus 
]'eii(()\id(‘ are, tor tlo' ])urpos(' of extracting- the ehMinuits 
'Ovater from compoiinds. It has a caustic action, and 
i-^ iis(‘d in siirL»-('ry on this acconnt. I^’nrther, it acts as a 
'iisiiifoctant, and its s(dnlion is used for tli,> pnrposi^ of 
pivsei vin^^ wood, particnla rl y railroad shw'pers, from de- 

i'a\ , 

1 lu' (diloride lamdily torms donhh' (diIorid(‘s like those 
l)y nni^iK'sinrn ehloridcn Inxamphm of tln^se are 
hie eompoiimis of the Ibrnmlas /nC1...2KCl oi- K./nCl^, 
^iit I...j^sat 1 oi’ ^a,,^/n( Ij, etc. I In* double ebloriih^ 
ainmonium chloride, (^Nnd../n(1„ is formed bv 
’"i\iiiL,^ a solution of /im* in bydrochlorie acid with a 
^'"I'ltion of animoninm chlorid(\ This is used in sohler- 
'rM as it (‘leans the surfaci' ol tin' imdal, in consecimun'e 
tli(' action of the zinc chloride on the oxides. It also 
'h'soi l)s ammonia, forming Ciunpounds amihrgous to tliose 
'uiikmI by eu]u-ic and cupiams chlorides. 

Zinc Hydroxide, Zn(OH),, is ])reci])ita,ted as a wliito 
'ii'''a],l,()u„ powder wlien a soluble hydroxide is added 
'' ■' solution of a zinc salt. It is redissolved in an ex- 
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cess of tlie and tlio zincate tlms foinuMl is (i .. 

composed on boiling;', tli(‘ Iivdroxide Ixnn^- re|)i('( i] ulai,.,! 

Zinc Oxide, ZnO, is fornnal in very iiindy dividi ,! ,oi|, 
dition by ])iii niFi^‘ zim* in (ln‘ aii*. Tin* prodmd is jvnown 
as Floirs ziNr/\ aiid is sonndinnvs calJcal pliilosoj.li, ! 's 
wool, Jt is also foiani'd liy Insalin^' tli(‘ ('arbonalr oi ly 
trat(‘, and is found in nature nii\«Ml with or in coiiihina- 
tion with oxid(‘ of inanyain‘s<', Mnd^- it is [)j'(‘])ai('(l nn 
fh(‘ Iai';j;(‘ S{*al(' both by burning zinc and by In^aliiiL; I la 
])asi(‘ i‘a rl)onat(‘, w hi(di is loiaiM'd b\ adding’ sodiiiiii car- 
l)oiiat(‘ to a solution of zinc snlp}iat(X It is a wliilt^ 
d('r, whicli tiD’iis \<dlow when licatcd. Its cdii('f ns(' is as 
a constit iKMit of paint mnlcr tin* naiiK' of zinc trhih . 

Zinc Snlpiiidc, ZnS. I'his com pound occurs in mitiiiv, 
and is known as zimt bhsidc. d'lu^ niimu’al a,lwavs con- 
tains a sulphid<' of ii'on, and also a small (|uaiitit\ nf 
cadmium sulpliidtx W hen livdi’oyeu sulphid(‘ is passed 
into a solution of a zinc salt only a ])ai’t of tin* zinc is 
throw'll down as tin* suljdiidia if tln^ salt us<'d is one of a 
sti' )n;^ acid, lik(‘ sulphu ric, nitric, or h ydroidiloi ic arid. 
Tin^ reason of this is that th(‘ sulphidi' is s(dubl(' in tlasa 
aidds, eviui wlnui thev aia‘ vei'y dilutin In tlu' laantioii 
tilt' acid is st't frt't', and allliouph soim' sidpliidi' is tlll'e^\ll 
down, the actitin soon stops: 

ZnSO, + H. S s ZnS 1- lb SO., 

If tin" acetatt' of zinc is list'd the jirt'cljiitatioii is cetie 
jthdt', bt'caust' dilute acetic acid dot's not disst»l\c /iin' 
sulpliitb'. If sodium or potassium act'tatt' is adtleti |e :i 
solution of am'utral salt of zinc, hyilrop,'en sulphiile pie- 
ci[)itati's all tin* zinc, for the I't'ason that tin' acid w hit li e 
lirst set fret^ acts upon tin; acetate and is itsi'll n ii- 
tralizt'tl, w h ile act'tic acid is thi'ii st't frt't'. ddius, \\ h' " 
liydro^cn sulphitlt'. acts upt)n a st)lution t)f zinc suljdiatf 
containin;^ sotlium acet.ite, tln^ action involves twt» stc[)>) 
as represeiiietl in tlie twt) etpiatitms: 


ZnS( ), -f TT.^S ZnS + TT,S(), ; 

2Na(bir,(), 4- li,S(), Na,S(\ +2C,HA- 
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\s f;isl as the sulplmrie .-leid is foniirr] it ju-ts ujinn tlu' 
acrtah', :i!i(l is thus prevcuited from dissolving ilie sul- 

'I'lii’ sid])hule. is, t'uvtlie.r, cojnphdidv precipitated V)v 
soliihlc- siilpliidt'S, :is p»)tassiuni and aniinoniiini siil- 
jiliidrs. OhtaiiuMl i)V piaadpitaiion, zinc siil[)]iide is a 
wliilt' anioi'phous sid)siauc(\ 

Zinc Sulphate, ZuSO,. d'liis salt is r('adily formed ))\ 
oxidation (d tln' snlphidi', and is Ikukm' fonml in natnit' 
jn ( oiii])anying t]i(‘ sul[)ld<h‘. M is nianid’actma'd hy <-ar('- 
I'ldU I'oasting zdnc l)lend»', and ('\1 racting will) waici'. It 
(Tvstallizes from tlu' solution in water in large rliom])ie 
jirisiiis of the composition ZnS(), j 7ll.,t). Lilv(‘ imiL’- 
iicsium sulpliate, it ('asily losi's si\ mohamles of water, 
luit tlie last oiK^ is removtal w ith <lilhcully. 1 1 a pj u'a ) -. 
tla iad'ori', that tlu‘ constitution of the salt slioiild he e\- 

I Oil 


|»i'i'ss(m 1 hy tlui formula. S( ) 


Oil y 1 1 , 

, . . /anc siilpliati 

* O '7 


lias hiam stati'd (s('e p. "Dhi, is commonly callml whit*' 
vitihd. It is ('asil\ r(‘duc(Ml wlieii Inaated witli (diarcoal. 
Tli(‘ salt is us('d exteiisivrdx in tlu' jiia'pa ration ot cotton- 
I'liiits and in m(Mli(dn('. 

Zinc Carbonate, ZnCO:., occurs in nature as smithson* 
itc. d’lie pr('ci])itat(' forim'd h\ adding a. solution of a 
seiiildt* ('aid)onat(‘ to a s(dution of a zinc salt is geiuM-ally 
a lia-^ic carbonate, hut the composition \ai“i(‘S accoialing to 
die CO 11(1 it ions. I )ilut«‘ solutions of sodium carl)onat(‘ and 


sulphate’! give niainlv tlu' com])ound t) 

O 


Zii(()}T\,.Zn( hd.,.Zn( ). i\Iuch mor(‘ coiuplicatial salts 
art', however, usually obtainml. Witli auunonia, zinc 
raihoiiate forms a soluhh' coin[>()und. 
hoactions which are of Special Value in Chemical Anal- 
The ])i’incipal la'actions which are made us(' ol 
''‘r tla^ purpose of sc'parating zinc from otlu'r ehunents 
heen ineiitioiied ahove. 'Tliese are the reactif’us 
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livdrogoii snlpliiclo Jiml aiiniionium sulpliid,.; vdtli 
potassiiini and sodiiitn hydroxith^ ; with potassiaiii 
sodium (‘arl)oiiat«‘s ; and Avitli ainnioiiiuni (•arl)()iial(‘. All- 
ot Iim' rtsaction wliiidi is us<‘d in analysis is that w hi,. 1, 
( ikrs ])laiM‘ wlmn /.ini* salts a r(‘ ImatiMl on cliarroal Ix f, iv 
Jin' Itlow [)i[)(\ moistmmd with cobalt iiitrati*, and ii;iiit(Ml 
I’lnha’ tln'so rirciiinsl anci'S a ‘^I'l'on-colori'd mass known 
as binmann's is I'ormtMl, which is jirobabh a zin- 

cali' of coball, /n- 

(k\lcMIi M, (M (.\t. W'l. lll.IOj. 

General. -- 'rim com jxmnds of cadmium are vi'rv siinilar 
to thosi' of /iiic ami mai^imsium. Tin* ('hMui'iit occurs in 
natuic in much smalh'r ipianlilv Ihani'itln'r of llirsc, 
triMjUciitly in company w ith /inc, and its comjxmnds aiv 
not as fic(|ucnt ly nml with. It is always bivalmil, \ 
mim'ial known as ^^rcimockitc is cadmium sul jhiitlc, 
(MS. 

Preparation and Properties.- (dad mium is ohtaiiud 
])iincipally from dil'Icrmd. varieties of /inc bhnuhn .iiid 
sepaiates with the /inc. l>ein^‘ Jiiori' volatile than /inc. 
it passes over liist whim tin* mixtuin* is distilh'd. kioiii 
this Hist distillate, which contains tin' oxides of /inc .iinl 
cadmium, tin* metals ari' i-educed hy In'atin,^' with cli.ir- 
c()al. It has a coloi* like that of tin, and is hau'der llniii 
tin. Aci'onliiii^ to tin* specitlc «j;i'avit\’ of its vapor, its 
Tiioh'cule is identical with its atom, lor tli(> moleciilnr 
wi'i^’ht is ajfpioximatidy 111. 

(A/d//// ///// c/z/e/’A/c, (M(’l.., like /inc chloridi', is vokililc ; 
the HiilpJidtc ervstal I i/(‘s well, l)ut is not ana1op;oiis m 
com])osition to the suljdiati's of mai^in'sium and /inc, 
the conijiosition of tin' crystallized salt is rejux'seiitcd 
]>y the, foi’niula d< MS( ,SH.,( ) ; the ce/ Afc/n/c, 

(M(J().,, is precipitateil by solubh^ carl)onates. 

Cadmium Sulphide, CdS, is oiH'of the inost cluir.i* (ci- 
istii^ compounds of the eliunent. It is a l)eautiful y( llnw 
substance, which is thrown dowm from a solution <1 a 
cadmium salt by liydro<.((‘n su]])hide. While it diss< d\(‘^ 
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iji (•oiu'('ntrjite(l acids it docs not dissolve in dilute acids, 
• 111(1 it is tlierofori^ conipletrdy 2)r(‘cipitatcd by hydrogen 
sulphide. It is used as a constituent of yellow piaiiits. 

Cadmium Cyanide, Cd(CN),, is foi iiUMl as a white |)re- 
ci|)it.it(^ when potassiuin cyanide' is added to a fairly 
t*()ii( {'iitiated solution of a cadinium salt. It dissolves 
ill nil ('\cess of potassiuin cyanide in conse(pience of the 
f()iiii;iti(m of th(' compound lv.,(M(( 'Ny. 

Analytical Reactions. — ('adinium, as has just been 
staled, is j)r('ci}iitated by liydrogeii sulphide. It is 
threwii down toga'tlu'V with tlie otlnu* (di'iiieiits of the 
liv(lr()^('ii srdphidi' grou]> ise«‘ ]>. IhS). As the sulphide 
is iK't soluble' in anuuoniuni sulplude', it is e'asilv se'pa- 
I'ait'd from those' of arse'iiie*, antimony, and tin by tre'ating 
witli this re'age'iit, whe'u it is h'lt undissolvod in e'oni panv 
willi the sulphieh's of mercury, h'ad, bismuth, and cop[)e'r. 
Till' double salt of cipirous cyanide' and potassium e*ya- 
jiid(‘ is not dccoinpose'd by hvdroge'ii sulphide', whe'reas 
tlie corr('sj)onding salt of cadnduni is de'coin p( ese'd by it, 
and the ye'llow sulphide' is pre'eijeitate'el. 

The hydroxiele of cadmium elillers from that of /iiic in 
not having acid prope'i tie'S. It doe's neet dissolve in the3 
raiisiic alhalie's. 

Meiu'i kv, llg (At. A\ t. 198.49). 

Goneral.— i\s alre'adv state'el, nie'reiirv > ie'lds two se'iies 
ef coiiipounds, known as mereinams and meicnrie com- 
pounds, which are' analogous to the' two series of copeper 
compounds. ^\ Idle, howe've'r, co]>pe'r forms with the 
o\\g('u acids onl\' suedi salts as be'loiig to the cujuie^ 
'series, as CuSO^, (hi(N()p,., e'tc., nn'rcury forms salts be- 
longing te) both se'i'ie's. Tlu'i'e' is, for e'xample', a //a//'- 
TfgN( ainl a nirrcn riv uit llg(X(),\, : 
a nit rcHroKs SHlp/uffc, Jlg,_,S()^, a.nd a /ae'/car/r .s/iJp/mfe, 
i IgSO^j (»te*. The^ niereiirous conpeounds are^ re'adily con- 
^‘‘'(od into tlie nu're'uric coinjieninels by the action of 
“'idizing agents, and the' mercuries are converted into 
iiii'i compounds by tin' action of re'ducing age'iits. 
11"' action will be' treate'd of nmler the' individual com- 
]'<"iiids. The epie'stiem as to the' ceerre'ct formula (>f the 
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mercurous suits is iii the sajue comlitiou us tliut in r( .r nij 
to the formulu of cuprous salts, witli this diilereucc^ : th,. 
molecular weight «)f mercurous chloride leads to tin 
formula hut ther(‘ is evideiuni that wlam the clij,,, 

rid(' is lieated soim^ mercurv is set frm‘, and this hns Km] 
to the suggestion that tin* mo]ecul(i cori‘('sponds to IIk* 
formula Hg'J'l,, uiid that tin* com])()uml hreaks down 
into iinncmT and mi‘r(‘nri(‘ chloride uln'Ji Incited. 1| js 
hou(‘V('r, (pdt(* ])ossihh* (hat tin* compound lias (ho sim- 
]der fornuda, and that; this under tin* iidlin'inn* of 
is partly decompos(‘d, as ••(*j)resented in the ecpiation 

2Hg( :i ^ H^Cl d IJg. 

The fact that meicury is s<‘t is, tlier(‘fore, 1)\ no 

means satisfactory (*\id(*in‘(* that tin* foinnula of nioi- 
curous (dil<)i'id(‘ is ilg.,(’l„, and in (In* ])i'esont state' of 
the iin[uir\- it is [»erfectlv justiliabh* to wjite tin* foniiiila 

ngci. 

Forms in which Mercury occurs in Nature. — .Mokmiit 
occiii's native to soiin* ('xteiit, hut principally in (lie 
form of the sul[ddd(‘, HgS, whiidi is known as einnaUu. 
This is sonnhinies found crystallized, hut g(‘in*rally amor- 
phous. Tin* chiet localities ai<‘ J d ria, A I luadeii iu Spain, 
and N(wv Aliuadeii in (’alifornia. 

Metallurgy of Mercury. J n order to ohtain nierciii \ 
from the sul ph ide th is is roasted iu vessels so eonstriich d 
as to cou(h*nse and colh'ct tin* \aj)o)' of nn*ieury given 
(jIT. In the roasting j)roc(*ss tin* sulphur is oxidi/(‘d I" 
sulphur dioxide*, which of course* e*se*a])(*s. In soiin 
plae'es tin* ore* is mixe*d w ith Iime*ste)jio and elistilh*d fonn 
clay or iion ie'torts, w lie'ii tin* nie*i*curv ])asse*s o\< i- 
Crude mere-urv' is je'distilh'el in eirele*r to juirify it. It 
alse) piii ith'd hy tre*ating it with elilute* nitrie* acid e)i' with 
a solution ()f fe*i rie- e-hloriele*. 

Properties. AIe*re'my is a sil ve'r-white* medal e)f a hich 
lustre. At e)relinary te*m j)e‘ratui’(*s it is lie[uid, though at 
— od.h" it he*e'e)nn*s soliel. Its spe'e'iiie* gi’avity is I’hod >'•. 
It eloes not e*hangev in the^ air at e)relimu'y te*m]n‘ral m ' 
Jtheeils at anel is ce)n ve‘rte*el inte) a e*e)lorle*ss vap 

the sj)eciti(! gravity of which leaels tee tln^ e-eeiiclusiem h i* 
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.^ju tin' (“aclTniiini, the molecule and atom are 

i,leulh‘:ih molecule consists of only one atom. 

l\ is insoluble in hydrochloric acid and in cold sulphuric 
.^cid • ])ut dissolves in hot conccntrate<l sulphuric acid, 
.,1,(1 is easily solul)le in nitric* acid. Tin* vapor (,)f Jiier- 
cuiT is vci-y poisonous. 

Applications. — Mercury is evtensivedy used in the 
iniiiiiilaci lire of tli(*i‘nionH‘tc‘rs, barometcU's, c'tc*. ; as tiii- 
atiiiil^atii for mirrors; and in the* [)roc(‘SS(‘S by which 
.rold ami silver are obtained from their ores. 

Amalgams, d'hc* alloys which mco cury forms \vithoth(U‘ 
iiK't.ils ar(‘ c‘aU(Ml amalp;ains. 'rh(‘S(‘ compounds arc' p;eii- 
(‘i;dl\' obtained without dilhculty simply by bringing; 
iiicreinv in contact with (dh(*r mc'tals. Among the 
aiii:dgams which arc* of chief intc'rc'st are those of sodium, 
aiiiiiioniuni, sil\ ('T, and gold. Sotlunn nin<il<j(t)u is made by 
liiiiiging merc'iirv and sodium togc'thc'r. A cryslal lized 
aiiialgani cont:iining the* constit uc'iits in the jiroportions 
ivpia'SC'utc'd in tlie foinmla. Hg,\a has bc'c'u obtaimal. 
(ieiH'rall V, sodium ainalgam is c'asily dc'composc'd by 
^vatt'r, the' mercury sc'parating in lln* frc'c' state* and the 
sodium acting upon (Ik* w:at(‘r, foiuning hydrogen aiuh 
Sodium hydroxide*. It is much iiscad in tin* laboratory as 
;i ri )u vc'nieiit mc'ans (»f prodmung h\ clrog(*n in alkaliin^'i 
solutions. It S(*rvt'S as an ('xcc'lh'iit rcaducing agent in 
some case's. iintH))/ i mu has alri*aaly bc'c'ii 

s|iok(ui of under tin* hc'ad ot Ammonia (^which st*e). It 
isa cuiious substance*, which is fornu'd wln*n an c*lectric 
riii'i (lit acts uj)on a solution <d ammonia containing some 
iiioi'i iiry which is connc'ctc'd with tin* nc'gative poh*, and 
■dsi) Yoiy ('asil>' bv ]>ouring a solution of ammonium 
'idoiide u])on sodium amalgam. In the latter case 
''''diiiin chloiide and ammonium amalgam arc*, formc'd. 

^ I'l'-i |■('ntl y tln^ rc'action takes ])lace in accordance with 
die ddlowing c'cpiation : 


NH,C1 + NaHg NaCl -f- NH JTg. 

' ])roduct is extremely voluminous, and swmlls u]) 
'*'1' lug the reaction, so that it occu]»i(*s und(*r favorable 
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cinuiiustances about twenty times the volume iKviipieil 
by the sodium amalgam. It has a metallic lustre, ivsem- 
blim' in general the other amalgams. It is very uiistalili. 
at tlm ordiuarv temiierature, breaking down into nmicmy, 
hydrogen, and ammonia. At a low temperature, liou- 
ever, it has been obtained in crystallized form. Tlie 
metallic lustre and gemual outward appearance ut llie 
compound suggests that whatever is in combination will, 
mercury in it has probably metallic propertn>s, and tins 
atl'ords'some conlirmation of the aminoninm theoi v, u,- 
cording to which the ],resemw. of the complex. Ml., in 
the salts foreied by ammonia is assumed. Sih-vr iiiii"l- 
, port and i/ohl nm,ihjnm vary in composition aconlmg te 
the metho.1 of prei>aratiou, and when heated are coai- 


iiaratively easily del posed. „ , , , 

Mercurous Chloride, HgCI, is commonly called c-ilomc 
Like cuprous chloride, Cut.ll, and argmitic chloride, Ag( I, 
it is insoluble in water. It is formed most readily by n- 
, lacing mercuric chloride. The reduction can be ac,-o,„- 
jdished by means of sulphurous acid, when the tollowiiig 

iviU'tioii takes place : 

2HgCl., -1- 2H,/-) I- K<>, ■ilfgCl + d" 

It is also formed by heating top,.th(>r mercuric iddori.lc 
and mercury, and by subliming a mixture ol mercaoc 
sulphate, sodium chloride, and mercury. This inelhod 

is the one mostly used in the nninufacture o cahms 

The product obtained by sublimation is crystalline , Mh 
precipitated substance forms a loose powder. As wa, 
stated above, the specific gravity ot ‘p' pi;"*' 
siionds to that reipiirml for the tormnla llgC b 
al-tcd upon for some time by light it undergoes pa, 
decomposition into mercury and mercuric chloride. 1 
is *1 fact of I^roat iinpoi’taiicc, inasinncU as ( a on 
.„„;di used in medicine, and inen-uric chloride 
poison. Lotties in which calomel is kept should 
fully protected from the action of the light. 

.Just as mercuric chloride is converted into niercn - 
chloride by reducing agm.ts, so the latter 
into the former by oxidizing agents. AVhoii, loi i • ■ 
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niercuroiis chloride is treated with nitric acid it is coii- 
veited into mercuric clilcride and mercuric nitrate, as 
repiesented in the equation 

BH-ci H 8HNO3 = m^(Nox + 3 n-ci, + 2N0 + 411,0. 

If liydrochloric acid is present in suflicient quantity tlie 
uctioJi takes place thus : 

+ :3HC1 1 - HNO, = 3Hg(4, 2H,0 + NO. 

Furtlier, the conversion of mercurous nitrate into nier- 
curie nitrate is repiresented by the ecpiation 

:nrgN(\ + 4 HNO 3 3 Hg(N 03 ), -f 2H,0 + N0. 

Finally, the action of oxidizing agents in general upon 
mercurous chloride in the i)resenc(^ of liydrochloric acid 
takes j)hic(^ thus : 

2Hg(n + 2nci + O 21IgCl, + ILO. 

Siiiiihir transformations take place by treating ferrous, 
stannous, and manganous compounds Avitli oxidizing 
apunits ; and they will l)e taken up farther on. 

Morcuric Chloride, or Corrosive Sublimate, HgCla, Avhich 
IS made by subliming a mixture of sodium chloride and 
miu’curic sul])hate, 

HgSO, 1- 2Na01 HgCl, -j Na,S(),, 

-iii'i by dissolving mercury in aqua I'eqhfy evaporating to 
<iiyin‘ss, and sul)liming the residue, is a white, traiis- 
P'licid, crystalline mass, which is soluble in water, and 
l)c. obtained in crystalline form from the solution. 
It is more easily soluble in alcohol and ether than in 
and is extracted from a Avater solution by shaking 
'^ith (dlior. It is quib? volatile, and the s|)ecitic gravity 
'^t its vapor corres])onds to that required for the formula 
It is easily reduced to mercurous chloride by 
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oontuct with organic suhstaiicos, and hy rodiU'iii<» 
in gonoral. I'lin action of snlplinr dioxid(‘ ]ias aliva(]y 
Ix'on treated of as fm-iiisliin^ a method for tlie j)r('j)aia- 
tioii of nu'rcurons chloride. Stannous cldoihh^ ahsliads 
cldoriiK^ from it and fv)rms merciii-ons cldori(h‘ and hk - 
tallic imn-curv, wJiile the stannous chloihh^ is converted 
into stannic' cJdorido : 

+ Snri, 2tf-Cl I- SnCl, ; 

-|- Slid, -- -h Sn(d,. 

Mc'icuric* eddoride is an aedive^ ])oison, and has Ixmmi 
uschI (‘xtemsivedy in this c*a[)acity. It has a ven-y nmrkca] 
inllmmce n])on th(‘ lowm* organisms, wliicli play such aa 
important ])art in pi’odmdnL^ disease^ and tln^ dcca\ of 
ornaidc sid)staiic(‘s, and is ijscmI as a disiidVcta id. \\h(»d 
im[)r<‘oiiatc*d with a solution of it is partly [)rot(M't<Ml from 
(h'cay. In sui'^cnw it is nscnl foi' th(‘ ])n]'])os(‘ of 
v(nitin;a; contamination of wounds 1)\‘ tin* hands and in- 
struments of tin* sni’^eon, it hednja; ciistomarv now foi‘ tln^ 
suiy;(‘on to wash his hands and instrmiKmts in a diliile 
solution of th(‘ (dilorid(‘ Ixd’ore [naforniin^’ an openation. 

iMc'rciuic cddori(h‘ niiih's with otlnu’ cdi loridc's, foi iidiiy' 
w(dl-(diaracteriz(_Hl dcndile! cddoridc'S, oi* 
w hicdiaic* analoj^ons to th<‘ donhle cdilorich'S of innyiie- 
simn, zinc, »dc. Threat [)otassinm salts are known, KItyCf , 

Kaijj;('l„ Hiid .11- 'f.' d.j k .111(1 

f[,r< 

ij‘“' td.. . Sindlar salts are formed witli the (ddoii'hs 

^ (('IjK 

ot sodium, ammonium, cahdn m, haiinin, stroidiuin, mid 
edlnu' medals. I’liidhcr, hydroeddoric aciel forms, with 
mercuric cddoiadcn a ci’ystal lized comjionnd of tln^ t"i'- 
mula Illl^dd, or 1 1( d, whicdi is ])laiidy the m id 

from whicdi tine potassium salt Kll^^yCdl^ is dcuivcMl. 

Mercurous Iodide, Ilgl, can Ine nuuhe by trcmtiiig im 
cury with iodine; or hy treeating incua-uric, iodide' v.idi 
ipcuauiry ; and mone easily t>y adding jiotassinm iodidi' 
to a solution of a mei-cnrous salt, whmi it is thrown d'nvi: 
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a oiv,n\isli-yell()W powder. It is iinst;il)l(‘, and breaks 
,|„\vii, yieldin^^ mercury and mercuric iodide. AVlien 
with potassium iodide it sidlers tin* same de- 
(•oiiipositioii, tli('. iodide which is formed combining with 
the j)()tassiinn iodide, wliile mei-cury is d(‘posit('d. Aler- 
ciiroiis iodide is used in medicimn As it is more easily 
(k'coiii posed than nuu-cuious chloride, and mercuric; 
iddi'lt' is pcoisonous, care should lx* taken in its use. 

Merouric Iodide, Hgl^, is made ley direct (‘ombiiiatioii 
,,f iiuncary and iodine, and l)v tiu^ action of potassium 
iodide' upon a solution of a nnucuric salt, wlicm it is pre- 
cipitatinl as a beautiful scarhd-red jcowdcu-. Though 
iii^olulde in water, it is soluble in ah'ohol and etluu'. it 
dissolve's, fiirtlicM’, in a solution of potassium iodide; in 
o)nse([uenc(; of the formation of a double' iodidc', or iodo- 
iii''ivin‘al('. AVlu'ji lu'ated to about 150 tlu' color 
cliiiiigc's from rc'd to yedlow, and aftc'r cooling (he \A- 
low sid)staii('e changes to red. Soimdiim's it can be kc'pt 
i!i llu' condition in whic'h it has a, yc'llow color for some 
time aftc'i- it has eooh'd down, and (lu'ii if (onclu'd at one 
[mint the ('haiigo to tin; red substance' takc's place' ra])- 
tdlv (liiougli th(‘ entile' mass. Ilolh tin' rc'd and the vel- 
Jew modi (u'ations are crystallizc'd, but in dillerent forms. 
Jill' 1 ( (1 crystals arc' (c'lragonal ; tin' yc'llow one's are 
diDiiiliic! or m oiioc' I i n ic'. The monoelinic* struc'turc.; is 
('ddeii(|\^ from what has bc'c'n said, an unstable' one* for 
Jdi^ compound. Itse'enns j>robabI<‘ (Imt the* dittV'rc'ne'O 
l"d\\('eii the' two lorms is dm' to a dilie'rencc' in the c'om- 
1’h\i( \ ol the nnde'e-iih'S ; pc'idiaps the* largc'r molee'uh's of 
tile It'd i()di(l(» are ele'e‘om|)ose*d by hc'at into the*, smalh'r 
imdi ciih's ot the; yc'llow iodide*. A\ he'll (he* iodide* islirst 
]''mipita(ed trom a solution ol me'rc'ui'ic c'hloiide' by 
]y d.issi 11 III iodide it is ye'llow, but it rapidly turns rc'd. 

'bist ;is mere'uric e'hlorieh* forms a, compound with hy- 
' "" lilorie* ac'id, sev mercuric* iodide' forms similar e*om- 


k'’'m'ls. Thc'sc' haye tlie e*omposition represe'iited by 
Jl*'' linanulas Ifg^lil or HHgJ,, and ‘2lfgL,..;n[I or 
, p - It also e'ombiiie's with iodine;, foi'ming the* jier- 
which is de'e'ompose'd by watc'r, forming mer- 
iodide. AVTth })otassium e'hloride it forms the sabs 
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or HgI,.2KT, luid KHgT 3 or Fgl^.KI. Tlioso s,]ts 
form eolorloss solutions. Tliey nre also formed l)y j||(. 
aetion of potassium iodide upon mercurous iodide, m Ikh 
mercurv separatees : 


21fgT + 2Kl r::. K.HgT, t Hg. 


Similar doubh' iodi<les are formed with the eliloridcs of 
sodiuai, aimnoniiim, harium, calcium, strontium, mM^iK - 
siiim, and other metals. 

Mercurous Oxide, Ilg.O, is f«)rmed hy treating a nici- 
enrolls salt with polassium hydroxide, it is a hlack 
powder, and (hecompos(‘S (‘asily into uK'rcuric oxide aiul 
mercui'y when the light shines iijion it. 

Mercuric Oxide, HgO, lilo' tlu' ioilieh', ])r('sents itst lf in 
two colors— tin* re<l ami th<^ yellow. W lum meremy is 
In'ati'd for a long tinu' at a temj)(‘ratm“e nmir tin' hoiliiiy- 
point so that tli(‘ air has access to il, it is coiiV(n-t('d into 
the red oxide. W'lu'ji a solution of a m(‘rcuri(' salt is 
treated with caustic soda or caustic potash the yellow 
oxide is pin'cipitatiMl. When limited, tln^, nal oxide hc- 
conu's dai'kiuy and linally' msarly' hlack, and on cooliiiy 
the rial color rm‘i])p(‘ais. The yadlow oxide' also Ixcoincs 
darker on Inaating. inxpe>S(Ml to tlu^ light, the reel oxidr 
loses some of its oxygmi, and nu'rcuiT is (h‘|)e)sit('tl. 
Whmi heateel to a. snlliedently high te'inperature' hdlli 
varieties gi\(^ up all tlnn’r oxygen, as wnis seam in tlu' 
case e)f the real oxide in the' pr(‘[)a,ml ieni e)f eixygem. h 
will he' la'iiK'niheu'eal that oxyge'U Ava,s eliseaiveu'e'd hy In at- 
ing t Ids cenn])ound. Of what oveu’whed ining imjieeihiii' '' 
this elis(a)verv was the stuehnd. will ne>w hedten* appt* i-e 
ate^ than when the* eliseaeveuT was first memiiomal. It '^hl 
now he seen that nost of the' edie'inie-al jiheneunena \vitli 
wliiedi we'! have' te) eh'al inveelve^ the aediem eef eixygen. 

H yelroxieh'S of mei'cury aie; mit known. 

Mercurous Sulphide, Hfe.S.— T'here seems to he soiiir 
quenstion wlu'theu’ a conipounel of the feinnula llds^ 
exists or not. Accoreling to the latest investigali""^ 
on the suhje'ct, the pre'edpitate which is feunicd vk i 
lyyelrogen sulphiele is passeel into a solutiem ol a :n<‘i 
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(Hiniis sjilt is a mixture of iiior<-ni‘ic sulphide, Hg8, 
iiiorcurv- At all events, it is (‘eit;du that, even 
if iiKU'eurous sulphide exists, it hreaks down witli gi’eat 
casi' into the nieivurie eoinpound and nnn-euj’v. 

Mercuric* Sulphide, IlgS, is tin* piinei2>al eonip)onnd of 
]ii,'r(‘ury found in Jiaturix 'I’lns natural variety, which 
is known as ciiinahai', is a i‘(*d ci‘\ stallized coin[)()niid. 
W lie'll jire^mied hy tren-diii;^- a solution of a nKUCuric salt 
with liydrogen sulphide it is an ainorplious hlai'k })ow- 
, 1 ( 1 . ^I'liis black ]>ow(h‘r can, however, be con\crted into 
til l■('d cuystall i/inl variety by sublimation, and by allow- 
ing it to stand in contact with a solution ot tlu' snl]>hi(h^ 
Ilf ail alkali metal, ^rin* snl])hide, \\hether amorphous 
(II ciystalli/ed, is actml u])()n with ditliculty by acids. 
Dilute' nitric acid, which misily dissolves tlu* snlfihiih's 
of lli(* otlu'r mi'tals whioh lesmnbh* mercurx, h‘a\es it 
iiiiacti'd upon, and advantagi* is taken of this fact for the 
|)iir[)os(‘ of S(‘])a rating it from tlu' snl]>hides of lead, bis- 
iiiiit li, cofipiu', and cadmium in qualitative analysis. It is 
ilissolv('d by conci'iit ratiM I nitric acid and by aipia r(\gia. 
Ill lli(‘ former case a white insoluble* compound of im'r- 
'■111 ic niti'ati* and mercuric sid[)hide, Kgt X( ‘2 HgS, 
is soiiiotiim*s foriiK'il. Dotassium hyd rosul])hid(* dis- 
so]\('s nu'rmiric snlphidi', forming a comjiound, K.dlg^.., 
‘'1’ K S.llgS, which is easilv deconiposi'd bv wati*!’, nu'r- 
‘ iiiic sulphide bi'ing thrown down. The* subslanct^ us(*d 
111 iiK'dicim^ under tin* naim* AV/n’eyrs* ttHirfinlis is an inti- 
■iiiite mixture* of amorfihous sul|>hid(^ and suljihur. Like 
flic ( i\i(h‘, e’iniiabar turns elark whe'ii ht‘ateel, and it slowly 
Uii'h'i goe'S the*, same* e*haiJge* w he'ii e*X]»ose*el to the* light, in 
r'»iis('(pu'iice of a slight ele'e'om position into mercuiw anel 
^ihpliur. \Vhe*n that whie'h h as not be‘e*n he*ate'd to too 
^h^h a tein[)e*rature> is e*oe)leel elown again, it ae*epure*s its 
'niaiiial reel e*olor. If it has be*e‘n he*at('d to the te*mpe*ra- 
tiiio of sublimation, the black ceihir of that which eloes 
sublime is perniane'nt. (Jinnabar is useel as a pug- 
111 in the manufae'ture eif reel paints. 

Men'curic Cyanide, Hg(CN),., is formed by elissolving 
UK' I e- uric e)xide in an aejueous solution of liydrocyanic 
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acid. It is soluble in water, and ciystallizes 1] in 
quadratic prisms. When heated it is (hn'OTiiposeet into 
cjaiiogen and mercurv, and this affords the most con, 
venieirt nietliod of making cyanogen. When lieated j 
idl v there is fornu'd a eonsiihu-able (piantiiy of a hlnck 
sul)stanc(' calltal jxfntri/toiojrti, which Jias the saiiu' p, r- 
r^mtage com])()sif ion as c vanogeii, l)ut is not volatih a This 
is pi-o])ably a. polynKuic variety of cyanog(m. 
cyanide unites with tln^ cvanid(‘s of otlier Jiudals, foi ni- 
ing doul)le cyanid(‘s, of which those corr(‘S])on(liiig ht 
th(' following l<U‘m nlas ar(‘ good ('xamph's : K. llgd'N) , 
Ilgdig^t ’N (‘tc. Thes(‘ ar(‘solid)l(' in water, and, :is ;i 
iide, crystalliz(‘ well. 

h'}il nn udt nnj nH'n'nnf is an (‘\]>losivo com[)ound iinn‘li 
used in tin' manufactni*<‘ of‘ gnn-ca|)s. It is made hv dis- 
sohing meicnry in nitiic aenl and adding alcohol. Its 
explosion consists in a smhhn l)r(addng down into uilio- 
gen, ca rboii <lio\id(', and nnu’enry. Th(‘ coinposil ion of 
the conij>onnd is r(‘|)ieseided \i\ tln^ formula. ( h,N d )J I 'i. 
It would h'ad too far to discuss its const it ii t ion— a snii- 
ject \\hi(‘h has occupied the att(M]tion of sojne of tin' 
most ('el('lu-at<Ml (diemists. 

Mercurous Nitrate, IlgNO,, is made by I in na ling iiitrir 
aedd w ith an (‘xci'ss of nnu'cni'y. d’his salt is msilv (h - 
coiiiposiMl, forming dillicul 1 1 \' sol ubie basic salts, sonic cf 
which are of complicatiMl composition, ddu^ simplest is 
that w hich has the coin [losition Hg( )lf.HgX( ),. 'I his 
is (nasih' explained on the assumption that the idtr.iic 

has the formula : Idui (h'conniosition by water 

iigfNo;). ^ 

is then inqiresimtml by the mpiation 


iy(xo,) 


+ 11,0 


id<()iT) 


- I- UNO,. 


This may ])ossibly be regarded as a slight argument ia 
faveir of the donblful foiniula for the merenrons cone 
pound, it is, howuiver, far from conclusive, as the salt 
may ho consid(U‘ed to be made up as represented in 
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foi iiiula, ON -< according to which it is a derivative 

of (lie acid N()(()H.)^, corresponding to pliosplioric acid, 
Vi)[i)\rhy 

Mercuric Nitrate, Hg(NOa)^, is torined hy treating mer- 
cin i(* oxid(; witli an (^\c('ss of nitri(* acid and e^■ap()rating, 
wlii‘11 th(i salt can, nndcu* i’avorahh* eiicnjiistanci's, la^ 
olitaiiaal in crystals. It is easily dca'oiiijjoscMl hv wato’, 
Idnnation of a l)asic salt wliicli is insnlnhh' in 
ualsr. It lias tlii' (‘oniposilioii re|)r(^s(‘nt(ul hy tlie foi- 
iinila NO, III; (MIgO Hg NO, | JI.O. 

Compounds forinod by Salts of Mercury with Ammonia. 
Att(MitioJi lias alri'ady laam (‘allc»l to tiu^ ('ojji])ountls 
[(•niit'd h\- till' sails of ('0])|)(‘r villi ammonia, and Hie 
statciiiriit was made 1 liat this ])ow(‘i’ to romhiin' w il li am- 
iiioiiia and with ammoidnin sails is vny ('onmion among 
llic salts. SoiiK' of tln‘S(‘ coinponnds which are fiu'ined 
1 )\ lh(‘ sails of iiK'rcnry a n* of sjamial intma'st. \\ lien 
iiirrcinic ('ldoi‘id<‘ is tiaialed with ammonia, a. wldh' ])r(‘- 
('i|iitat(' is foi'ined, tlm composilion of which is ]'e])i’('- 
si'iih'd hy the fornnila ITgdNII.,. 'The formation takms 
place according to the mpnition 

llgd, 1- 2Ml, IlgClNH, + Nlldd. 

Tlu' simplest view' in ri'gard to the constilntion of this 
roii)|)()uml is that it is nnu'cnric chloride in wliiidi a 
rldoriin^ atom is ri'placcd hy the gi'oiip) NH,„ or (iniidr, 

as n'pr(‘senh'd in the formida According to 

this view the compound is called mervirric clilora nndt\ 
It is known as irlnfc pnvi pif<ili\ or, to <listinguish it from 
aiielh<n’ similar conpionnd, as mfnsihlv irJnfr pnci pifafc. 
it is also ])ossihle that the constitution of tln^ compound 

•'should 1)0 ri'jireseuted hy the formula N a ITg, according 

h' which it is ammonium cliloride in Avhich two atoms of 
livd roo(.ii are rejilaced hy an atom of hivahmt nnu'cnry. 

■ similar C(^m])ound nderred to is formed hy adding a 
' ' ml ion of mercuric chloride to a boiling solution of aiii' 
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luoiiiiim chloride cuiitaiuiiig iiniuioiiia, aud se])aiat( s out 
ou cooling. It has the composition Hg(NH3(d),^, aii.l is 
to be regarded as ammonium chloride, in two jiiohs-nj^^ 
of which two hydrogen atoms arc^ re})laced l)y an at, a,, 
of bivalcid. mercury, as rey)reseid(;d iii th(‘ forumla 

Hg j I d his is ca.lhal ttivt’caric (/Kinmio/iiNin r/ih,- 

riih', ()!■ J'fisihlc (r/nfr pnripif((f(\ iMercuroiis conijioioids 
cojinsjioiiding to botli the ab()V(‘-m(‘ntioii(‘(l ({(‘livativcs 
of mercuric cliloride art^ kiiowj]. d’Ji(‘ tirst, <))■ invrcn r<>ns 
chlont unde, llg.,\fld’l, is fln^ black substance toiiiKd 
wluui iiKU’cnrous cliloridi^ is tnaabal with aninioida: 

‘JllgCl + 2 XH; == llg,xil,(d f XH/d. 

Th e second, or iucr^ iiroits (HtniKni 'ni m HgXll,('l, 

is formed by tr(‘ating ealoimd ni(h ammonia gas. 

Similar com[)ounds ar(‘ ohtaimMl tVom tlu^ otlu'r salts of 
nnu'ciiry. Jn a solution of nnuauirous nitrates ainmoiiia 
forms a hlack |)r<'cij>itat(', known in phaiimicy as Mcrt'n- 
ri>/s sol //hi! is l[((]oi(‘iH(t)/iii. It ma\' lx* regaiah'd as (huaxa'd 
from ammoidum nitrat<' by la'placennud. of two hyilrogt'H 
atoms 1 )\' two atoms of nu'rcury, as repix'sented in IIk' 
for 111 u I a I'Tg, H X . X ( ) ,. 

Roaetions which arc of Special Value in Choniioal 
Analysis. As has been sixui in th(‘ account already given 
of till' condiK't of th(‘ comp(»unds of mercury, mercurmis 
and nienuiric com])omids condnet fhemsidxa^s ([uite dil- 
finamtly. Among tli(‘ most (diaractmdstic rmietit ms nt 
//tci'c// I'oiis coinjiounds are th(‘ folloxxing: 

Hodi/nn oi’ pot/issi // m ]/fjd rt)A'ide givers a bhiclv pr('Ci|)i- 
tat(‘ of nii'rcurous o\id(‘. 

.‘i/// moni/i gives a lilack preiupitate, which is a coni[)oiuid 
of meicui’ous oxide and ammonia. 

If/fd roi'hloric. odd, and so! uhlc ddoridcs form mercureiis 
(ddoiidii, and tin; preeipitato turns lda(*k when treated 
with ammonia. 

The reactions with stannous chloride, potassium iodide , 
hydrogen sulphiihi, mid ammonium suliihide have lx cii 
explaiiKid. 

The principal reactions of the mercuric salts are tla 
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tollowiiii,': Sodium or pofiooiinm hjdro.ddc protlucos a 
vcIIdh |irt'cij)itiito of iiieroiiric; oxiilc^. 

The reaetiojis witJi Jiydrofroii su^diidi*, .stiiiiiious cldo- 
riile, aiid pcjtassimii iodido liavo liueu de.sci ihod above. 

liLK.MIONTS ()!■’ KVMII.V Jll, (MtOl l* li- 

CiALULM-IMUl ,M-T||A|,I,lUAt. 

Gtonoral.- All tile (dements of this o,-oii)) are rare, 
(lalliiim forms eomponiids uhi(di in comiiosition an" 
.■tiialn-oiis to those of ainminiiim, in n hi(di it is trivalent, 
:is ill llie comiionmls (oiCl,, (lad>.,, (iaiXO,)., (la iSO , ' 

. 1 . . tlnw,th.n-l,an.l,italsol\,rn,s.-,,in,,onmlsiiMvhiidi 

It IS hiv.dent, as in th.. ehh.ride ( ia< '1 , and (hiO. Iniluim 
also lonns eomiioumls in wlii.di it is trivalent and a lew 
111 "Inch It is bivalent. Tliallium, lihe g,dd, is trivideid 
iiiid uni vjilt'iii ill its cfini poiinds. ^ 

Gallium, Ga (At. Wt. 60.381. 'ITiis .dementis found in 
seme varieties of xine Ideiide, and was discovered in tliat 
"I'lcli occurs at I’ierrelllte, in I'raiic.r. ft owes its name 
III the tiatiii name of l'rai,c,>, (iailia. Like scandiiini, it 
IS o| special interest for the reason that its jiropertie.s 
"cii, foiet(dd by iMemhddell some jears before it waa dis- 
oacied, and it was descrilied liy liiiii niiilm- the name of 
'i'li-ainniiniiini, as scandium was descrilied niider the 
JIIIIIII' of eka-boroii. 'ITie nndal has a, bliiisli- wliite color, 
mid does not los.' its lustre in tlie air. It does. not de- 
‘■"Iiipose water. I’, veil wtnm heated to a hioh tem|H'ra- 
tiiii ill (Ciyu'cn it only becomes covered with a tliin laver 
"I o\ide. Itdissid\(‘s in fiydriudiloric aidd and in po- 
tiissium liydro.xide with evdiilion .d' liydronen. 

Compounds of Gallium.- Tlie (dilorides of ealliiun. 
'•■il I., ami (ia(d„ are formed l.y treating the mct.al with 
‘;d"rme. With water both give basic (dilorides. Tluit 
'"■||"'d from ijolloiis vhloridr, (iat'l,., is conipletely con- 
'1 Idl'd into gallium oxide by fnrtlim- action of water. 
"'"'(■ fla„(S0.')„ isd.'conii.os.>d by boiling water, 

•' 'msic salt bidiig formed. Witli aminon'iuni sulphate it 
'mill's a double sulphate of the formula r\H,( la,(S(),t, |- 
, uliich is perfeidly analogous to ammonium alum 
' " Alums, p. 57(]). 
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Indium, In (At. Wt. 112.99). — Imlinm was discovr iod j, 
a variety of '/Auv hleiule found at Ireiherg, in (iennanv 
Tlie dis(*()V(‘rv was made by means of file sped loseoj,,. 
and as tlie sp«H*ti’um of the ehnnent contains two yoiy 
(']ia lactcMistic blue lim's it was callc'd indium, h Ims 
si:i(‘(‘ IxM'ii fouml in other variedies of zim* l)I(m(l(' Imt 
always in small (juantity. Jt is a soft, w]iit(', liishous 
imdal. It (hu‘S not nmho'go cdiange in contact \\i(|i fli*^ 
air at oidinai-y tempmat urt‘S, but wlnm Jn^atc'd it t.ikis 
tin' and biniis, forming tin' o\id('. It (hx's not d('(()iii- 
[)os(' \\at(']' <'\cn at tin' l)()iling fi'nip»‘rat ui’ca 

Compounds of Indium. W ith (ddoriiu' indium ferms 
tin' com[)()nmi I n( 'I. , w hi<di is v( )lat i h' at a h igli l('iti pcia- 
tnr<'. d’lic spccilic gra\ity of the vapor is tliat ivijiiiivil 
for tlic' fojniula InCi,,. 'Idm stilp]((if(' js «'asil\ I n ruin I 
by dissolsing (im nmlal in siilplnn ic acid. It ('om hint s 
with amnioninin .•^iilpliatc to form tin' double snlplialc 
^ f t J n( S( ), I., I J2II.,(), analogous to alum, d’lu' cnriv- 
s[)onding’ potassium salt docs not c(»ntain I he sa iin* n u m- 
btn- of molecules of wat('r of crystal li/ation. 

Thallium, T1 (At. Wt. 202. Gl). — d'liis ('li'iin'iit was dis- 
covered in tlie Ihunduslof a, suipliuric-ac'id faettny in t.iu' 
] iarz mountains, by the aid of {Ik* sped rosco| x'. As it 
I'olors tin* tlanu' a la'antifid gii'i'n it was calh'd tlialliiini, 
fi’oni tin' (iix'ek whi(di signiti('s a grt'i'ii binin li. 

It lias since bi'c'ii found in a. nnnib(')‘ of vaiif'tii's of iron 
|»vrit('s and copp<‘i‘ |)yrit<'S. Jt is a soft, bl nisli-w !iit'‘ 
metal, and has a lustre lik(‘ h'ad. It is o\idi/('d wln ii 
heat(‘d to a sulhcii'iitly high tern p<'ratni‘(' in tin' air. 

Compounds of Thallium. — W In'ii thallium is ti ( it' d 
with (diloj'iin'. it is convc'rted into fjmlhnis ('Jiinridc, AM it 
and win'll this is tri'ati'd under wati'i' with chloriin' it 
I'onvc'rted into tin' t id'ldoi ide or tJiallie ('hlor 'nh^ AMl - 
Thallous chloride', furtlu'r, is fornu'd as a case'oiis juv- 
c/i[)itat(' win'll hy<l rocdiloric a,cid is mhh'd to a solnti ni "I 
a thallous salt. AVdn'ii exposml to the light it turns \ I 'lcf 
— TJi(fll()iis hydroxiilr^ T1(()H), is fornu'd by tin' adi* ii el 
the nn'.tal on waiter in tln^ air, and by tri'ading a solntn n 
of the Huljihab; with barium hydroxide. it is c isH' 
soluble in water, and tlu', solution lias an alkaline k ;"' 
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tioii.- Th(flJw InjtlroxiiJe, T](0H).„ is formod by treating 
n soluiicii of tliallic cliloride with potassium hydroxide. 
^Vlirii di'iod it loses water and forms tlie eompound 
TlO.Oir, analogous to inetaborie aeid, ilO.OH, nnd nieta- 
almiiiiiie acid, AlO.OH. Tlmllium forms an ins«)Iul)lo 
diloi'ide, TlCl, Avhich turns vioh't wlnui exposcMl to the 
linjit, aii<l in this ]-(‘speet it resend)]es silver; the forma- 
(idii of the s<)lubl(> hydroxiih*, d’](()H), wliich has an 
alkaliiK'. la'actioii, is Ingldy sugg(^stiv(‘ of I lie alkali 
iii(-(als; whih' the formation of th(‘ hydroxide, 'ri()(()Hk 
sliDWS (hat thallium is allied to aliiniiniimi. An r'xanii- 
iiatieii of its salts shows that thos(‘ in whieh it is uni\a- 
!(ii( resemble the salts of the alkali iiK'tals, while thosi} 
ill wliieli it is fi'i\’al('nt r»‘S(nnble the salts of aluiiiiniuin. 

77e///e//.s' s f/l 3'l.,S()^, and the f phi i>}/i t / I'S, 
irTii’o.^, iri'idh)^, and ^ri,i ’( ),, ai’e isonnn pilous with 
tile eori'i'sponding salts of potassium.- • 77/o//o;/.v s^ilp/ridp 
is tlii'ow n down as a blaek ]>owd(>r when hydrogen sitI- 
ithlile is passisl into a. solution of a thallous salt.— 77/e/- 
lir siilpli(it<‘, dd J S( )p^, eombiiH's with sulphates of tin' 
'ilkali iiK'tals, foiniing salts of th(‘ gmnu’al formula 
llMiSOp, ; but tlu'sce d() not ei'ystallize lik(' tin' alums. 
On tin' otlu'r hand, thallous sulphate, T1,.S()^, eombimm 
will) aluminium sulphate, and otlit'r similar sulphatim, 
k'liniiig salts jx'rti'et ly analogous to tln^ alums, and in 
diesi' tlj(^ thallium tak('s tin' placid of tlie alkali metal, as, 
Ibr (‘\amj)l(', in tin' salts 

TlAl(S0p, + 12FI,0, TlFe(S0.), + 12F[,0, etc. 
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( } i: R .M A X I r -M — 'r 1 x - 1 . f ad. 

Genoral. — Of tln' ('Icnu'iils of tliis ^h’oii]) .Rpvr.iaiiiiiiii is 
e\tr(Tiiely rare. It was (]isc()V(R(Ml l)y W inkl(3r in LSS,'). 
Tin and lead, on the other liainl, liave loiii.^ been kimwii, 
and are extensively used. All form two s(n-i(‘s of t nin- 
[)onnds, in one of whndi (h(‘y arr‘ bisahnit and in the 
otlnn* ({iiad ri\al('nt. d’lie general formulas of sonu' dl 
the prinei[)al eom])ouiids> ot the lirst S(U'i(‘S are as IdU 
lows : 

:\rOl, MO, INFiOHy, M(XO,l, MSO., l\[(d),, etc. 

The ^mneral formulas of sonu' of the, ])i inei|)al eomponiids 
of the other sericns ar<‘ as follows: 

:\[C1„ M(T, M(OIT)., MOfOId),, ete. 

Thes(^ elements hav(‘ alremly been H'h'rred to ai tin* 
dose of Chapter XXH. (si'e p. and attention was 

then calhMl to tin* la'sembla mn* Ix'twmm tlnmi and eaihnii 
and silicon. In this eonneetion il will br^ wndl to lepiot 
what was tlien* said. Of th(‘ three (dennmts of 
erou]), < 4 ermanium and tin aia‘ mor(‘ acidic in chai .n tni 
than lead. They combine with cddorine in two ])rotK)i- 
tions, forming tlui chlorides (hd'l.^, Sn( 1.^, RbC.d,^, (e( C 
SnCl,, PbClJ With oxyovn they combine to forni iho 
coiiiiH)uiias(o'0.,, Sn(C,iUi.l ri>0,, Stainii(M)xiao,Snl)„ 
and lea<l i.cn.xi.ic, i’l.O,, form salts with bases, ami He-r 
luave, the (simpositioii |■(i|lresent('d by the oeiue-aHormii .e 
]\[,Sn(), and M,rb<)„ and are tlioreforo analogons t" bir 
sili(tates, carbonab'S, and titanates. On the. other h.in' > 
farther, salts are known whieh aro derived from^ • " 
oxide PbO. These have the general formula INb,! a 
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aiitl rogarcled as salts of jin acid rb(OH),. 

These salts arc not stal)l(‘, and are not easily obtained. 
i\[()st of the derivatives of It^j^d are those in Avhich it 
pi;, vs the part of a base-forming element. Notwitli- 
staiidiiig tlie markcal analogy IxTavt^eii some of tlie com- 
poiinds of tin and those of tlje immilxn-s of tli(‘ silicon 
^rioiij), it ai)p(^ars, on the wliole, advisabh' to treat of this 
,-](Miii'iit in company with lead, whicli it also lesembles in 
,I 1 ;, 11 V l'(‘Sp(H-ts. 

(iERMANTTJM, Ge (At. Wt. 71.93). 

Oerinanium is the third ('hmumt the properties of 
wliLcli were foretold by Ab ndedeetf by the aid of the 
p'liiidic law. As it occurs in the silicon groiij) lui called 
it u'uH. It was disc« )V(‘riMl in a siUa r ore occiir- 

at br('ib(‘rg, (haanany. 'The name has, of courst', 
ridVr^'iice, to the country in which it was discovered. It 
acts mostly as a bas(‘-foiinii!g (‘hummt, being piM'ha]>s 
jiioo' lik(‘ tin tlian any other oik' metal. It foiins tlu' 
two (ddorid(‘S (ieCd.. and (le(_’h, and the coria^sponding 
tluorides ( and (h‘l\; but ])r(d‘(‘rably it forms thosc^ 
compounds in which th(‘ (dimumt is (jmidrivahuit. ddie. 
lluorid(‘ forms doubh' salts r(‘S(‘mbling the tluosilicat(‘s, 
as, for exam])le, pofussi nm jhaHjennitnah’, K„(«(d'\. 

dhN, Sn (At. Wt. IIS 15). 

General. - The com])ounds of fin witli which we g('ii 
eially have to d(‘al ladong, with tln‘ (‘XC('y)tion of stan- 
nous chlori(h% to the seuii's in which tin' metal is (pmd- 
rivah'ut, and in this s«'iics it acts as an acid-torining 
oli iii(>iit, TJie chloride, SnCl,, coi responds to the iddo- 
ridcs of carbon and silicon, (3M, and Si(d^. T"n1ike 
llios(‘ ('lenu'nts, Innvever, it does not form a com]>ound 
'vitli hydrogt'ii. 

Occurrenco. Tin occurs almost exclusively as tin 
^toiK' ov cassit('rit(' in nature. This is the dioxide, SnO.^, 
<‘<'i ri'sponding to carbon dioxid(', FO,, ; silicon dioxide, 
), ; titanium dioxide, ; etc. It also occurs in 

•'^niall quantities in company wdth gold as metallic tin. 
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and in a variety of pyrites of tlie formula Cn^SnS^-j, 
FeSiiH,, kuDwii as stannite. 

Metallurgy.- 'Die ores^are roasted for tlie purposo ol 
getting rid of the sulpliur and arsenie, and the oxide is 
tlien legated witli eoal in a furnaee. Afhu’ the rediicti,,^ 
is c'oiiiplete th(' tin is drawn oil' and east iji hais. Tliis 
iiii is impure, and avIumi again slowly melted, tliat wliidi 
ilrst melts is purer. I>y hdting it run oil* as soon as it 
imdts the eompa.ratively dillieultly fusible allov lA inains 
l)(diiml, and tin' tin is thus reiuh'red mueh })urei-. 4'jit! 
eommereial varhdy of tin known as lUnu'd tin is tlii' 
]mr(‘st. It r('eeiv(*s its name from llanea, in the bast 
Indies, Avlnux' it is made. Elorli-lin is made in Ihigland, 
and is also eomparali vely pnnn 

Properties. Tin is a whit(' nndal, whi(di in gAnunal a|)- 
])(aii:ane(‘ ri^seiiibles silveix Jt is soft and malleabh', and 
can !)«' Iiamnnn'ed out into \(‘r\' thin slnads, h n’miiig flu- 
AV(dl-k now n tin-foil. Its s[M'<dtii‘ gra\i(y is 7.M. At 2<H)^ 
it is britth% and at 2*2S it imdts. At ordinary tmapera- 
t.iics it remains umdiangiMl in th(‘ air. It dissolo s in 
hydroidilorie acid, forming stannous (diloride, Sii( ; in 
sulphiirie arid, forming slannoiis sulj)hate, SnSO,, siil- 
])hnr dioxid(' being evolved at the saim; tinu'. Oi'dinaiy 
eon('(‘ntrate<l idtrie aeid oxidi/es it, tin* product ladiig a 
eom])ound of tin, owgeii, and hydrogmi, know n as //e/a- 
stdiniK" whi(.di is a whit<‘ jiowah'r insobibli' in ni- 

tric aeid and in wat<‘r. It is dissolvcnl by a liot soliitieii 
of [)otassium hy<lroxid(3 whiidi forms jiotassium stannale, 
K,Sn(),. 

Applicatioms. It is used in making alloys, of vvldnh 
l)ron/e (see ]). oDl), Soft soldei’, a.iid liritaiinia metal an' 
the most important. It is usimI also for jirotc'cting o(l"'i' 
metals, as in the tinware \ess(ds in such common n-^e, 
Avhicli are mades of iron covi'ied with a. layi'i’ of tin.* 
(Jo])p(n‘ vess(ds ar«^ also fiaapundly coveienl with tin. 

Alloys. Bronze has alianidy lanm ir(‘atml of ninli i 
Co|)p(u;. Jt is mmh^ of copper, tin, and zinc. H<>/t .se/./o 
is mad (5 of eijual jiarts of tin and haul, or of two ])ai'is ei 
tin and one of lead. Eriht nnia innfal is com|)os('d of nn a 
parts of tin and one of antimony. Tin. (iin(d</(fni is ma' 



STAUfNOUS GllLOlUDE. 


G4l 

|,y biiii^n'iig tin and mercury togetlier, and is used in tlie 
silvoriii-- of mirrors. 

Stannous Chloride, SnCLi, is formed by dissolving tin 
in liydiocliloric acid, and if the solution is concentrated 
ejiuiif^li the conipouiid crystallizes out. The crystals liavo 
tlie co]n}a)sition SiiCl, 2Hj(). This is the coiiimercijil 
prodiK'fc known as tin mtt. It is very easily solu])le in 
Avator, hut if the solution is dilute it becomes turbid in 
roiiscMjuence of the formation of the insoluble basic salt, 

2,Sn<[.f + H.O: 

2SuCi, + :jn,o ^ 2Su<[® -j- h,o + 2HC1. 

Tills same decomposition takes ])1ac(', if tlie solution is 
iill(nv(Ml to stand in contai-t with the air. Under these 
circumstances a part of the stannous idiloridi^ is converted 
into stannic chloride by oxidation : 

dSnCl, + n,0 -1- O ^ Slid, + 2Sn(OH)d. 

'WlieM the ('rystals are heated tln'V melt at about 40°, and 
ii lieatml hi;j;her tlu'v und('rg(> partial dea'omposition, 
fmiiiiiijj; the oxide and h vdroidihnit* acid: 

SnUl, 1 ITT ) SnO + 2TTC1. 

Staanons chlovide has a markiMl tendency to combine 
^\Itll ehlorim^ and to ])ass oviu’ into stannic clilori»h\ 
1 Ids powi'T lias already Ix'en shown in its action n])on 
iiKMcuric (diloidde and U[)on nn'i’enrous idiloride. It re- 
duces tin' foriin'i', first to mereurons chloidde, and it tlnni 
'‘ihstracts tln^ chlorine from this, hmving nu'tallie. mercury ; 

2Fgd, I Slid., nr: 2llgd f Sn(d, ; 

24fg(d SnCd, “ 2Tlg -] Sii(4,. 

Stannous cldoridi^ is an (‘xcidlent mordant, and is ex- 
tmisivi'ly used by the dyers. It unites with other clilo- 
^"les, forming double chlorides of the general formula 
^'*('ly2Ard or I\USii(4 ,, which arc^ analogous to the salts 
nil unknown stannous acid, H^SnO^. 
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stannic Chloride, SnCh, foriuod l)y troating li,, 
cliloriiie, is a c‘()l()rl(‘ss liquid which boils at ] 1 I tiid 
the s])ecitic fjjnivitv of its vapor is that recjuirrHl i)^ ^ 
coiiipoimd of tlu^ forimda Slid,. Ju the air it ^'ixcsoif 
finnes in coiiscMpUMU'e of thr nction of iiioistiiro. ]| 
loji^- Ix'cu Iviiowji l)y th(‘ name ,sy)/V/V//,v 
whi(di has rehu-mice to its fninin^- (juality and to ilir lad 
tliat it was discovi^red l)\' ljd>a\ius. it (‘oiidiiut's widi 
wat(‘r, forming a mimlxu- of crystalliziMl hydrat(‘s. \\ Jaa, 
its solution in water is boiled stannic acid is preci})ital. tl ; 

Slid, I :m,( ) iLSnO, 1 diid. 

Probably the normal acid, Sn(( )H)., is tirst formed, mikI 
this tlien ])r(3aks down with loss of watc'r to form ILti 
ordinary acid : 

Sii(d, + IKO - SnfOH), + 4HC1 ; 

Sn(()H), ^ Sn()(()ll), -1 ipo. 

Stannic; (ddoride is uscmI as a moi'daiit. AVith ollior 
clilorides it forms the vhhn'osfa tiiiatis of tlu^ gc'mn’al Ini- 
niula AI,,Snd, or SnCl./JMd, of wliicdi tln^ ammonimn 
salt, lf^)„Sn( d,,, i)V pmk sail ^ is ili(‘ Ix'st know n. i l i ' 
is manufacturcMl for use in making cotton-piants. Siiiiilai* 
tluoriiK', compounds, tin* //anx/naan/ev, arc* also (*asilv 'k- 
tainc*d, as K,,Snl'\., Na,Snkd,, cic. 

Stannous Hydroxide, Sn(OII),, is not known. A\ 1 m n ■; 
solufion of stannous cldoi'idc* is (rc‘at(*d with ])olassiii m 
c*ar])onate a. ])r(*c'i|)itatc‘ of the* c*om j)osition il,.Sn O i" 
fornn*d, w hich is a, dc‘ri\ati\<* of the* hydroxide* SmOlli , 
as is show n by tin*, formida. 1 1( ) Sn-( )-Sn ( )H, w hii li 
probably (*\prc‘ssc*s its c*onstitution. It readily 1""^''^ 
watei’ and [)a.ss(*s oyc'i* into ,s7ccaana.s o.r/V/c, SnO, whicii is 
a l)lack powch*)'. 

Stannic Hydroxide, Sn(OH),, is ])erliaps fornn*d a\ Im'm i 
solution ol stannic; (;hIorid(; in Ava,t(*r is l)oih*d. Tin* j'lc- 
ci[)itatc3 obtained has, how’eyej*, the* composition If.SiiO , 
and this is kin)wn as sfannir arid. Stannic* ac*id is jae'- 
cipitated also by treating a solution c:>f a stannate w lili 
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just of iiu sudd to dt^cuuiipositioii. Tlio de- 

^.,,iii|)sisitioii with liydrocldoric sudd tsikos plsice sis repre- 
stuited in tlio cMiUsitiou 

Nsi^Sn()3 + ‘21101 ::rr ^Nsdd + H,,Sn(),. 

'I'lit' (-(niiponud tlins ol)t5iiii(‘d is iiisoluhh^ in wsittn’, ])ut 
[s I'usily solid)lo ill liydrocddoidc, luii'ic, sind sul|)liiu'iL* 
,u i, Is, Sind ill tile caustie silksdii^s. With tlie alkiilii's it 
loniis stsiniisites, sis soCimn st<init(it(\ >i:i,,Sii() , sind pohis- 
siiiiii si ii It i(<ih‘y Iv.^Snl ).^ Lh(‘ loriiH'V is nisuh' on the hii’‘j;{‘ 
scale, sind is known sis prrpti ri n(f still. 

Mt hisliinnic Arid . — \Vhen tin is trositiMl with eoiuuMi- 
t ! aleil niti’ie sicid it is eonvertcal into a wldt(^ powder wliieh 
IS iiisolnhh^ in wsdan* smd in sudds, but lu^Nandlndess seems 
le ]»(' ;i liyd lox id(M)f t in of tli<‘ ssime composition sis stsinnie, 
acid, ddiis is known sis incitisitiunit' ticid. W’itli sd ksilii's it 
fdi iiis ssilts whiidi in [)ro[HMt i(‘S sind i'om[)osilion sii’e en- 
tiedy ditlerent from th(‘ stsinnsdi's. Tlnw sir<^ known sis 
the iiic/tislti I) nttit s. Two sodium ssilts sii’e known, wliiidi 
difler in eom position. OikmT’ tlnm^ Inis tlie composition 
Nsi .Slid ),,, the otlier is Xsi.Snd),,. Tln^y sin^ prolisiblv 
• leiivtul from sudds sinsilo;4;ons to tlu‘ ])ol vsilicii^ sudds, 
wlii(di msi\' l)(‘ csilled pi/lffsftniinr tirit/s. d^lu‘ ([lu^stion sis 
tn (Ik; comiiositioii of metsistsinnic sudd is sin opmi one. 
When lu'sited it is coinaMded into tin* oxide SnO,.. Wlien 
tuaited witli concent rsitt'd liydroiddoric sudd it is con- 
veit('d into SI (‘(ampound contsiiniiid- cdilorim^ wliich is 
ill w'sitm', sind tin; solution contsiins stsinni(* cldo- 
jidt'. \\ lun this solution is tresitml w ith sulphuiic sudd 
^taiiiiii' sulphsdu is thiaovn dowp, smd wdun tlu^ solution 
la hoik'd tliis ssilt is d(‘comp«)S(Ml, lesivinjjj stsininc sudd. 

Stannous Oxido, SnO, is foinuMl from tlu‘ corrmjiond- 
J'l;.; hydroxide wlien this is h('sit<Ml in ;i current of csirlion 
'llnNi.hx Wll (Ui SI solution of stsinnous (ddoride is tresited 
ith csiustic sodsi stsinnous liydi’oxidi' is first [iianipitsi ted, 
■"‘d this dissolves in sin excms of tlu‘ (uiustic sodsi. AVlun 
die sobition is lioihnl tlu‘ ssilt contained in it is dmaom- 
P"'^''d, sind bhudv stannous oxide is throw n down in ciw s- 
hdliiK; form. When hesitral in the air stannous oxide 
t ik( s tiro, and is converted into sta-nnic oxide. 
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Stannic Oxide, SnOa, as lias boon stated, is tlio [»i iiu i 
pal form in whicli tin ocoiirs in naturo. Tlio miiK ial is 
known as oassitorito or tin-stono. It is found at Coia- 
wall, England ; on tlio East Indian islands Banca aiu] 
Jblitoii ; and in ^Falaoca. It orystalli/os in the t(dra.-,)iia| 
systoin, and is ^{‘lu'rally colored from brown to hlad, 
It is formed as a white powdcu* by burning tin in ilu'aii 
and by heatiiij^- the dillenmt varieties of stannic 
idtn It is infusibl(‘, and is not ac*t(',d upon bv' conccn. 
trated li vdrochloric or nitric a<*i(l. Concmitrat(Ml snl- 
l)hiiri(* acid, liowevm-, convm-ts it into a gelatinous 
from wliicli stannic oxide is prmdyiitated by water. 

Stannous Sulphide, SnS, whiidi is forimal wlnn livdio- 
gcn snl[)hid(‘ is gassed into a solution of stannous chlo- 
1‘ide, is a brownisli-black })owd(‘r. W hen tiaaatt'd willi 
tin' soluble sul[»ljidt‘s and snl[)hn]‘, or Asith a soliibh* 
]jolysiilpldd(', it <lissol\(‘s, forming a sulphostajiiiale as 
r(^present(‘(l in tliesi* <‘{[ua(ioiis : 

SnS -!- fXH'.nS -f- S ... (Xltd.SnS, ; 

SnS ( XI [,)..S,. . - i X 1 1, ySnS, . 

Stannic Sulphide, SnS... — This compound is oblaiiu'd 
ill crystalli/('d foi ni by In'ating togetin'r tin-tilings, sul- 
phur, and dry ammonium iddoinh' ; and in ainorplieiis 
foi’in by tiauiting a solution of stannic* cldoridc* witli liy- 
di'ogen sulphide*. In tin* fornn'r case* it is a goldeii- 
ycdlow crvstalliin* substain'c* ; in tin* hitt(*r a vcdlow 
powdc'r. ddie <*rystalliin* \ari(‘t A is known as mosu ic (jnhl. 

hen In'ated to a high tenpioi-atnre it is convc'i’ted iut'> 
stannous snlpliich*. Eln* ])i(‘eipitat(‘d varic'ty is ( u^ily 
dissolv(*d by (*onc(*nt rated hydrochloric acid, and ' <>11- 
A'<*rted into metasta,nni<- acid bv conc(‘ntrat«‘d nit l ie ;iei‘l. 
d In^ crystal 1 i/(‘d variety is not soluble in hydroclilei 
acid, and is a,tte<*t<*d but slightly by nitric acid. I l"‘ 
crystallized vari(*ty, or mosaic gold, is usc'd as a ])igiii' iil, 
])articular]y for bronzing. Stannic sulphides dissolo s 
easily in the soluble sul[)hi(h‘s, foiining ,s7///>//e,s/u;/- 
iiale.s : 


SnS, -1- (NII,),S (NHO.SnS, ; 

SiiS, K,S K,SnSj. 
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Tli(' sulpliostauiiates are perfectly analogous in coni- 
posifioii to the stannatos, diflering from tliem simply by 
c-oiil:iiiiiiig tliree atoms of sulitliur in place of the three 
atoms of oxygen. Although the comparison has been 
](>poal(slly made l)efore in this Imok, it is ])er]ia2)s not 
siipei tliious again to call aitention to the analogy between 
tli(> staiinates, sulphostannates, chlorostaiinatf's, and 
tluoslaniiates, all of which are easily (ditained, and are 
Avell-oliaraoterized compounds. Tln^ formulas of some 
rqiirsentatives of the four classes are here placed side 
by side : 

TqSnO^ Ix,SnS^ Tx.^SnCl. K„SnF, 

^.'a.SnOg AhqSnS3 IShnSnCl, Ka„Sn 

Wlieii a solution of a sulidiostannatc^ is treat(Ml witli 
nil acid a, yidlow prccij.itate is fornuMl. Tliis beccmnos 
darker, and if tillt'ivd oft and dric'd it forms a gi’av mass, 
h is tlioiiglit that this may be sul pliostaiinic acid, 
ll.SiiS,, It bivaks down readily iido hydrogen subiliide 
and stannic siilpliiih'. 

Stannous and Stannic Salta.- \\ it1, acids, tin fdinis a 
ti'W salts, lint tlicy aic not liatticnlail v well cliaiuclcri/cd, 

Oannic salts mv casilv posed l,v water’ 

Sl,r,ni,,„s .SNiphuIr, SiiSO,, is l-onn..d hy .lissolvin^ tin in 
ttaini eoneentrated. suljilinrie acid. iSlintiiit' mil pintle, 
^iiiSO^l,,, is ])ivei).ifat(>d wlieri snl|)liiirie acid is added 
j" a dilate solution iil' staiinie (diloi ide. Jt is deeoiniiosed 
I',' hot watiT, tonniiio' stannic acid. 

Reactions which are of Special Value in Chemical Analy- 
f-is.- I ho reaehoiis wiili liydroovn sul|iliide, and llio eon- 
|hi't ot iho proeipitated snlpliid(>s when treated with 
■""""’Iiiiini sul|diide or polysnl|)liide, are constantly 
"h i/.cd lor analytical jnirjioses when tin is jiresenl. 

I he leihieino action of stannous eoin]ioMnds servi's to 
*yui_onish thiuii from stannic I'onipounds, 

I lie eondiict of solutions of stannous and staiiiiie eoiii- 
l>"iiiids towards eanstie aHialies has heen (‘X|ilaiii(‘d above. 

I he //a- alkiil! ineliil.s lireeipitate the liy- 

' ''"ides, and tliesi' <h) not diss.dve in an exeess of the 
'oiiatn. Metallic zinc juecipitates tlie tin from a so- 
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lution of a tin compoimcl as a spongy mass. If (]n> |,j,p 
ripitatioii is carried on iu a platinum vessel ih,. 
iium is not colored by it. By this means tin (*;in ln' 
iitii^ousluMl from antimony, wliicli is reduced ujidi^r th,. 
same circiimslances, but is de[)()sited ;is a hhick (o.ifin-r 
upon tho [)]alinuni. 

Lkai), ri) (At. Wi. 205.36). 

General. — The basic pr<»|)('] | i(‘S of 1 (\‘m 1 ar(‘ sfroii'^Tr, 
and its acidic ])ro[)erties wa'akc?-, than thos(^ of tin. Its 
])rinci[)a] compounds a}‘<‘ thos(‘ in \vlii(di it acts as a h.isi- 
formint^ tdenumt. d’h<‘ coiiiponnds in wliicdi it is 
rivahoit, smdi as Bb( ai(' com]>a rati\ (dy unstnhlc', iiikI 
^vhen trmitcMl with aci<ls tliey innadilv ])ass over into iho 
coni])ounds of tln‘ s(‘ri(‘s in whi(di tin' lead is l)i\;iltMit. 
Thus h'ad oxide its(‘lf readily n.i\ ('s up oxy^(‘n a\ iK ii 
ti’('ated with acids, and yields salts of bivahuit lead. 

Forms in which Lead occurs in Nature. — Ii(‘ad occursiu 
natuia' as the sidphide, L*bS, whicdi is known as ;j;;d(‘iiitt^ 
<)]• oah'iia. ()thcr natural ('ompouinls of tin' mct.d .in^ 
tin' (‘arbonate, bb('().„ known as ci'iiissitc' ; tin' ))lios' 
phat<% Plr^i POp.j tin' (diromate, ld)(h’()^, or crocoisilt' ; 
and lh(' molybdate, PbMoO,, or wulf('nit('. 

Metallurgy.- Most of the h'ad in tin' market is nli- 
tained from the sul])hi(h‘, and as most of the snlplmli' 
contains silv('i' both metals lia.v<' to Ix' considered iji tlio 
treatiiK'ni of the <ua'. Pinh'r tin' In'ad of Sil ver (w I) i' ll 
s<‘e) retereiic*' was mach^ to tin' iiK'thods bv which tliis 
Tiielal was s('[)arat('d from tin' hnid after both ln‘iv(' hi i ii 
S('parat«'d from their c<)mj)ounds. it will oid\ I"* 

iK'cessai’N' to show how the nn'tals aax^ ('xtractc'd togellu r 
from the, or(‘. ddiis is acconi[)lisln'd in oin^ of two ^\;lvs: 

(1) By In'ating tin? snlpliide with iron,wln'n the 1;it!iA’ 
comhines with the sul[)hur, forndn;^' ii'on sulphide, wl ilo 
the h'ad is set frcje. 

('2) ]ly roasting the sulphhb? until it is partly < 'di- 
verted into h'ad oxide and lead sulpliab', and tlien he'd- 
ing the mixture without access of air, when two I'eaetieiis 
take place, wliicli are repres(?nted in th(?se equations: 

Bb8 -l-2rbO r= :il>b + SO,; 

BbS + P1>S0, rnr 2rb + 2H(\. 
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]i';h 1 is thus set free, and the sulphur is driven off as 
dioxide. 

properties. — Lead is a hluish-gray metal, uitli a hi^di 
It is very s(v‘‘t, and not very stroji^^; melts at 
;>o,V lias the specilie pjravity 11. ‘17. At a hij^li tem- 
priatine it is coiiverh'd into vapor. W'Ikmi heated in 
foiil.ii i witii the air it heeouH'S eovemd with a layer of 
as can be scam in a \(‘ssel eontainiiip; th<‘ moltcni 
In the air, at ordinal y l(‘mp<‘ra( ui i's, it is tar- 
iiislifh in eonsetpu ne(‘. of tlu‘ forinalion of a suboxide of 
tli(' roiuposition hby). d'h(‘ formation of this eompomid 
lu' observed vrn-y laaidily by cutting; a ])ieer‘, of lead 
with a knifi'. At lirst llie Ireshly-eni snrfaee has a hip;h 
lustre, but this soon p;rows dim and acipiires a bluish 
color. Ihiri? water acts upon huad wlnm air has access 
to it, and some of tlu' huad dissolv(‘S. If tin' wati'r con- 
tains salts in solution, such as <'alcium carbonate, pyji- 
siiia, etc., or if it (anitains carbon dioxichy it acts only 
\('iy sli^^htly ujion the metal ; fnrtlun-, wat(‘r which con- 
tains oi'oanic matt(‘r in a. static of d(aa)ni position dis- 
solvi's Laid with (ainijia rati v(‘ mase. Tsitric acid dissolves 
/cad lauadiU ; as, how(‘V('r, huad nitiafi' is insolulih' in 
nit l ie acid, it is maa^ssary to ns(' com])arativ(‘ly dilute 
acid. ( 7 )n(audrated sulphuric acid dissolves haul to 
some extent, and therefore a little huad sulphate is some- 
times contained in commercial sulphuric acid. A hen 
sm li a solution is diluted Avith water the sul])hate is ])! ('• 
•■ipitatiMl. lleiuay AvlnuKoer the commercial acid is di- 
hit(Ml Avith water it b{Ma)nies turbid, and afttu’ standin*^ 
Ibr a time it liecomes chuar, as the lead sulphate setth'S. 
11yd rochloric acid acts oidy slightly ujion lead. Aiadu; 
acid dissolves tin' nndal vei’v r(mdily. It is j)reci])itat(al 
ifi metallic f(Arm from a solution of one of its salts by 
iii'dallic zinc, ddu', formation is sometimes very Ixuauti- 
hil, especially if the zinc is suspended in the sedution. 

is called the “lead tre(%” or Arhor S^tfurni. The 
aciioii consists in a replacenumt of the lead by the zinc. 
A Her the action is complete all the lead is dejiosited as 
I'lctallio lead, and the zinc has entered into its place, 
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formiu^ a salt which romains ia solution. Tlnis, if ]( ,. | 
nitrate is uscal, /iiie nitrate is in the solution. 

Applications. — Lcsad is extcuisivelv us(h 1 for a v;iii,>|v 
of ])ui'j)os(\s, as, for <‘\ann)h‘, for nialdn^^ s^'dphin ic 
eliainlxus, for vaporatini^-paus for alum and siil|i)ii|| j,. 
ac'id, for sliot, fu’ wahu'-pipes, and in inaki/j^f -dluvs 
Tlje [is(" of lead wat(‘r-pip(‘s is a of murli ii,|_ 

portan<‘{‘ from tin' sanitar\ point of \i(‘W, as is rviif nt 
from tli(^ slatonumts al)o\ r mad<' ('oiiem'iiiiiLf flu' ad i( mi dl 
watfU' u[)ou tln‘ imdal. ( )i (linar\ d rin k iiiif-w alcr ads muli '’ 
most di'cumstanei's oiil v vm-y sliiflitly upon h'ad, and imt 
mioujj;li is dissolvisl h> Ix' <lau^(‘i'ous to t]ios(‘ iisiipj; thr 
water. At tli(‘ sanu' tiiiu^ ('ir<mmstaii(*('s ma\’^ a( ;iii\ 
titne aris<.' w Idch will im-rc'Mse tin' sol\(‘nt ])ow('r of Ilic 
water, ainl tiiuseausn serious resuKs; and it would iiii- 
doul)tt'dl\' 1)(‘ l)ett(‘r if tin' use of smdi ])ip('s eould lie 
entir('ly avoided in eases in w lii(di tin' water is to fr 
used foi' di'inkiny pnrpos('S, 

Lead Chlondc, PbCl,, is formed wln'ii hydrodiloiii' 
a(dd or a solnlde (ddoride is added to a cold solution el 
a li'ad salt, ainl ap]u'ai's .as a wliite pia'idj )itat('. It is 
solul)l»' in hot waii'r, and is d('j>osit('d in the foimi of loiiy, 
needle-shaped ci'ystals w'Jieii the solution cools. It oia'urs 
in natui’e in small quantity, as eotnnniti*. 

Lead Tetrachloride, PbCl,, is a li(|nid that forms a 
erystaliine mass .at — LVk It is (h'eomposml into iln' 
(li(d) loidih^ and ehlorine at the oialinai'v tc'iiqn'rai u i *■. 
At 1();V' this talo'S pi-aeo wiili explosion. It is foianed ly 
])as>iii!j; eldoi’iinj into (aiiuamti'a ted liydiaa'lihuie ;e ul 
eoiitaiiiin;^- h'ad (ddoi-i<le. Aft('r sa tuj-at ion, ;im moni jm 
(ddoimhi is aihh'd, wIk'Ii tln^ donhhi salt, PhC'K ‘JNlI/d, 
sepa rates in yellow eiystals. La'-eold eomarntrati'd siil- 
plimie a(d<l deeoniposes it into ammonium snlpliaie, 
li \ (1 |■o(dllo|■ie acid, .and h'ad tet ra (ddojad<', which (a)lleMts 
.as a ^ elhsw oil below tlie sidphuric acid. 

Load Iodide, Pbl., is a yellow' substance which eryst d 
li/es from water in Ix'aritifnl lusti'ous larnimr'. It is pio 
cipitat('d wdieu potassium iodide is ad<1ed to a solniioii 
of a h'ad salt. It dissolv<‘S iu potassium iodid(' anil 
lorms a salt of tin', formula PhT^.K! or KPhT,. Tin i'‘ 
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also a hydrogen compoiind of the formula H.Pbl,, 
thut is formed by dissolving lead iodide in hyddodk- 

aciil. 

Load Hydroxide, Pb(OHL, is not known, Initwlicn a haul 
sa 1( IS li o;d(M I willi a soln I )!(' hy< 1 r< )\i< h' a t'orn^x )u jid eh )sis- 
J\' rdatod to this liydr< )\id(‘ is loi‘nu*d. 4’liis \ari(‘s sonu'- 
wlial ill ooiiijiosition, a.ccording to tlu' nudliod bv whicli 
il is iiiadi' ; but it is usually eitlic.r HO id) ()-ld)-()TI or 
111) IM) () Id) O Id) OH.' 

Oxides of Lead.— Hoad tonns four dlstinot couipouuds 
with oxy^tm, tile formula, s and iiaim^s of wbicb aro as 
follows /ou(/ suhoxUh^ ld).0 ; laul n.r'alr^ Jd)0 ; hvs- 

l^h.O., ; and h’ud y>e/V),r/'f/r, ld)0„. 

Lead Suboxide, PbjO. d'liis (‘oin[)onnd, as lias Ixaui 
stall'd, is formed wlimi h-ad is texposixl to tlie aii‘. It lias 
iiiad(‘ ill j)ni(' eondition, and is a, hlack powdm*. 
W Ill'll t lasited with acids it yh'Ids salts, and lead sc'pa- 
eitos. ,1 iins with liyd roehh )ri(* and Ji'ad ehloridu is 
liiiiiH'd, as i('|)r('S('nt('d in tin' ('i|nation 

rb^) I dH(d rT. id)(d. 4- Hh() I- -Id). 

Load Oxide, PbO. ddiis eoniponnd is forimal bv lieat- 
iiiy h'ad niO’ati', and is thmi h'ft bohind in tin' form of a 
yellow powih'r. If lu'ati'd to nu'ltiiig it solidifu's, foiiii- 
iiiy a, yi'llowish or rc'ddish mass know n as Uihun/r. d'his 
is huiiK'd in larg(' (jiiantity in 1 1n' pi'oci'ss ol si'paiating 
^ilvi'f from h'ad. It will lx* r('nu‘ni Ix'iC'd tli.at, in order 
ti> M'liioNo Mk* last portions ol h'ad from silv(*r, tlu' allov 
tiK'ited and air blown upon it in tin’s eondition. Idi- 
th('S(* circninstamx's, tlm h'ad is eonv<'rted into t he 
"^i<h' while tin* sil\(*r ivmains nnclianged. ddm lead 
thus tormed is tin* litharge found in the niarki't. 
‘>xid(^ ran lie obtained in rryslalli/rd form bv Ins-it- 
a solution of the ordinary oxiih* in dilute raustir soda 
'anstir potash; a,nd liy boiling h'ad hydroxide with a 
M'‘<i iitity of eaustir alkali insnflirii'nt to dissolve it. Tu 
^•a powdered condition lead oxide attracts carbon diox- 
iiom tlie air. A\ itii acids it forms salts Avliich in 
Inspects rcseinbh! Xiosc of barium ami strouliiim. 
tlHi stronjroHt, bases it forms .salts similaa- to (boso 
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foniiod In' ziiu*. This is soon in the soluhilhv ,,i ||„. 
hydroxide in sodium ;ind potassium iiydroxide, w liich is 
duo to the forjiiation of (*om[)oiiiids knowji as pliiiiil»i|,M,- 

rh(()ii), d ^2\i()\i . ri)(()iv),^ (- 2HO. 


with silicon dioxich' it foimis a silie;it(‘ w liidi is 
easdy lnsihl(‘. oxi(h‘ is used ('xtensi\ (0 \ in dn. 

]n;imdaetm“(' of tlint y;lass for optical })Ui'pos(‘s, ;i> 
dcsci] !)('([ under (Hass (\\liiv‘t| s<‘c). It also liiids apjili. 
i'atioii in plass paintinp and porcelain painliiip, aini is 
used in |]i<‘ niannfactnr<‘ of h-ad salts, ])art icnia rl\ “ siin.ir 
ot h'ad,” wiiicli is an act'tah'. 

Lead Sesquioxido, Pb,0,, is ohtaimMi 1 »n hiinpiir- tn- 
p;td1i(U.“ l('a<l ac(dale and caustic soda, and tvc'atin-.', tin 
solution with sodium liy pocldorite ; and is thrown down 
as a re( h lisli-y e! lo w powder. 'The const il nt ion of tin- 
compound is unlxiiowji. It has hetui siipyi'stiM I licit it 
ma\ be a, hcid salt of plumbic acid, as n'presmited in tin 


formula Vb() d^>ld>, phim]>i(' acid bt'inp. 


S(Mm, VhO 


OH 

OIL- 


will hr 


Lead Peroxide, PbO:, is formed by tiimtinp^ iiihnimi m 
rvG h'dC w ith dilub' iiitric acid, ^liiiinm has iinw coinjio- 
sitioii, trc'abd with nitric acid, a, pari di^- 

sot\(‘S as lead idtiate, and head jKU’oxiihi inmiains laddii'l, 
as repres<.‘]ded in tin' e<piation : 


-i- MNo, rb(b -I i^rb(X(k\ -l-m/). 


,rh(‘ p('roxide is formed in pt'in'ral b\ tin' action ofoxidi/,' 
in^' ayents u])on the lower oxl<l('S of h'ad. Oin' ol th'‘ 
most conxeiiient Jiietlnxls for inakiny it consists in to ;d- 
iny lead acetabi with a tilt(‘red solution of bh'acdiiiiL;- 
j)owd('r. it is a dark-brown powdei’, insoluble in w;d< i. 
W hen iynited it loses ]ia,lf of its oxyye.n, and it yiv<'s ii[i 
its oxyyen r(uidilvto otlnu* substances. d\)W’ards hydo' 
chloi ic acid it acts lik(i manyamrse dioxid-e, yiviny h -<1 
chloride and chlorine accordiny t<j the (‘([nation 

PbO, I- tHCl Ph(Jl, f 2H,0 + 01,. 
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Tl lippoars pr()l)!il)lo, that tli.> h'trachhiii.h' is fust 
fliMlli'il, and that this tlioji V)miks down into the ditddo- 
n,],‘ ;iiid (ddorino. Wlieii tln^ ])(*ro\i(h‘ is trta-ded in tlio 
,.,,1,1 uilli livdrotddoric acid it dissolve's, and wlnni tins 
is Inaatt'd it ^o'vos oil* eddttriin'. I'ln llu r, Avlitnj it 
is; (i, ;i(('d with caustic alkalic's It'ad |Mu-oxi(h* is tlii'own 

(low II. 

L, 1(1 p('i()xid«‘ dissolve's in coiie'e'ntrate'd canslic ])ofasli 
iimi toriiis a salt of the' formula or ld)( ) - ^ ^ 

iiiKiIncais to ])otassium st.annaie', K ,Sn( ) , sillcai.' 

Is SiO,, rarl.onatr, K .C) , , 1 ., , f,',,,,; 

til.' a. i.l I'hOiOH,., arc kiicssi,, and ar,. called j,l ,i nihalrx. 

I!nl \\\wu Ica.l uxidc is li,.al,.d ccidly 

III die ail- it taki's iip (i.ween, and is <-(iiivei‘(i.d inlo the 
I'l-ii eeiii|Mnnid kinuMi as niiniiini ui- red lead. 'I'lie eoiii- 
||||■|''■lal art'.ele i d' (Ids ii.anie \;iries in eeni|iusitiun, hn, 
.■I|>|ini\iiiiates to that Vepresenled l.y tile t'.,rnn,la 

I li <k. and, it the uxide is slow Is heated, the aniinud of 
"ssyeii l.duai u|. is (li.it re(|Miri'd to lorin a eoiipanind of 
die aliose lornmia. lied ie.-ni snries in color from rial 

yelknsisli, a,-cordiiie- to the melliod of ],re,.ara(ion. 
Wlieii heated, it liecomes d.-irk. hid (he r.-d c< dor appears 
'■""liii;;-. When healed to a hie-h tcmjieraluro, 

II loses oxye-cj, and yiidds lead oxide : 

riyO, r ;!|>h() -| (). 


ill'll tre'ate'd with dilute' nitric arid, h'ael nitrate' is 
*'’'""'d, aiiel Icael ])e‘|-e)\ide‘ is Icfl uiiel isse >1 ve'el. As re'- 
I’chiliou e'xisliiii;' he'twe'e'ii ndnimn aiiel the' 
oxuh's e)f loael, net ])etsilive' stalcnu'nt e*an bo nuule'. 
' Viele'iico pednts te) tlio (m ) nclusie)n that it is a, cliomi- 
‘‘'nii])ound and not a mixture'. Dilute ae'otie* aciel 
not disse)lve3 it, while* this aciel eh)os elissetlvo tlio 
Jiii)ii(,\j<l(>. It lias Ikhui sii^^^mstcel tluit it is a load salt 
n nial j)luinl)ic. acid, Pb(()H)^, as represonte'el in the 


^*'^'"iida PbJ 


>Pb 

>Pb’ 


As partial experimental evielo 
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ill support of iliis view, the fact may be mention ed that m 
componml similar to red lead is formed, wlnm a solu- 
tion of potassium plumbate is. treated with a solution 
of lead oxides in })otassium hydroxhhu in solution, the 
p(dassinm salt probably has the constitution r('j)r(‘- 

I Oil 

sciited by the formula Pb [ | When this is treati d 

i Olv 

with lead oxide the corn'spomlinj^ lead salt should l)e 
formed. — Ped lead is used as fi pigment, and sometimes 
in ])lace of litharge wlnui an oxide of lead is neediul : 
in the inannfactuiu' of glass, a,s a Ilux in the manulacLuio 
of porcelain, etc. 

Lead Sulphide, PbS- 'This has alii'ady been ri'hMuvil 
to as the [uaneipal etunpoimd Ironi \\hi(di haul is oh- 
taiiHMl. natural varioty is called gahuni or gahuiitt*. 

it is formed iu the lalxu’atoiy as a, bla<d\ piu'ci pilattu w In a 
hvdrogau) sulphide is ])ass(‘d intoa solution of a hnad salt. 
When Inaited in th(‘ aij*, as in tin' I’oust ing of galeiiirn, 
tin' sulpdiur ]>asses oil as sulphur dioxidi', and the !(‘a(l 
is conv('rted into oVid(‘. ( 'oneeiit ratisl h vdiaxdilorie aniil 
dissolves it. ( 'oinaud rat(‘d nitric acid eonveids it into lla* 
snlj)hate. When hy<lrogen sulphi<h‘ is eondnet('(l into a. 
weak acid solution of lead idiloibh', a eoinponnd eoiitaia- 
ing haul, snlphnr, and (ddcuaim is ])i‘('eipitat(‘d, the eoai- 
position of whi(di is a])]U‘oximat(dy that r<'pia‘S(‘n((‘d h\ 
the forniiihi, M LbS.Pbt 1 and this has a red or a \elle\v 
color, according lo tin' ('oin litions. 

Lead Nitrate, Pb(NO ),. 'the nitratf' is ('asily iiia<l'‘ 
bv dissolving lead, lead (»xid(‘, oi- earlKUiatc' in niti ie aci'l. 
din', salt crystal li/es w(‘ll, and is «‘asily solnbh' in wah'i'. 
It is dillieuitl V soluble in dilut<' nit rie arid, and insohihlt' 
in eoneeiiti'atr'd nitiie acid, rc'seinbling in this regHtt 
barium nit rati'. It is d(‘com])ose(l by Inait, gi\ing mil 
g(‘ii p('roxid(', N(),p and l(*a(l (►xidi'. 

Load Carbonate, PbCO:,. Tin' carbonate oemirs m" >' 
ture as e('russite, erystalli/ed in torms which an 
same as those of bai iuni cai’bonate, and of tliat variel} J) 
ealclum carl)omite km)\vu as aragonit(u it can h*‘ 



LEAD CAIWONATE. 


05 :{ 

by adding load nitrate to a solution of ainmoniiini 
(•;irl)onato, but, when solutions of lead salts are treated 
Avilli the secondary carbonates of the alkali metals, pre- 
cipitates of basic carl)onates are always ol)taiiied. AVheu 
nil ('xcess of sodium carbonate is added to a solution 
,)i lead nitrate, the ])re(*ipitate has the composition 

I f( )-rb-o-C( )-o-rbh )- CO ( )-rb t ) h, or ‘ipbo.^ch >, 

11 , 0 . The sal Is usuall y obtained a r(‘ more eomplicatial 
tliaii this, but the ridations IxTweim tlumi and lead oxide 
niid cai’bonic acid are of the same kind, llasic lead car- 
hoiiate is pi'epafed a-ud usimI extcmsively, iimhu- the. name 
(it as a })igmeut. It is manufat't unal ly ditl'er- 

1 ‘iit methods, ddu' piincijial ones ari' th(‘ following: 

(1) 77/c Dutch il/c///o(/.— -This cojisists in ex}>osing slnaTs 
;)t‘ lead Avound in sjiii'als to the a<*tion of Auni'gar, air, 
niid cai'bon dioxide from decaying organic matter, ddii' 
spirals of sheet lead an* pla<*ed in laa rt Inm ware vessels, 
on ih(' bottom <d' A\ hi(di, but not in contact with the lead, 
the \inegar is jilacial. ddii' Aessids thus arranged ui’e 
jiLuaal in Ixnls of horse manure. Tii conseipnmce of de- 
('oiiiposition, A\lii(di is set up in tluMuanure, cai’bon diox- 
i(!(‘ is given off sIowIn', ami miough Innat is gmieratial to 
staid th(' action upon tin* h'a<l. (diemical changi's 

iino|\f>d in tin' [sroci'ss arc', mainly, tin' formation of a 
h.isic acetates of hnad, and tlu' siibsc'cpn'iit d('eom])osition 
"I this b>' carbon dioxide', forming a basic carbonate', 
•cid lea ving tin' acetic acid frc'c* to act upon a furl tier 
'|'^■•ellitv of h'ad. 

id) 77/c French 3Icfho(t . — In iliis mc'thod a solution of 
hasie l(>;td ;u*('tat(' is preparc'd l)v trc'ating a solution of 
th(' iiential salt with h'ad oxide'. This is tln'u de'com- 
]*es('d by passing carlion dioxide' into it, Avhen a basie^ 
<*<‘irb()iiatei is tlirown doAvn. ddie e*arbou elioxide' is g('n- 
i'rally made by liurning <*oke‘. 

['>) The EJiujIlsh Method. This is a me)elificatiou of the 
^hilch method, anel elilfe'is from it chietiy in tlie re})lace- 
^‘"'iit of manure by spe'iit tan in a, state of fermentation, 
'"*d (he use) of elilute ae'e'tic aciel in place of vinegai'. 
lliei(‘ is h'ss risk of discoloi'ation in e'onse'epu'ne'e' of 
lormation of sulphuretted h^elreige'ii, but the fe'rme'U- 
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tatioii tjikes place more slowly, aiul tlie whole pioct ss. 
therefore, re(piires a loiy^to* 

The eoiiiposition of white lead is not always tlu^ 
same. 4^]iat prepared by precipitating’ a solution of iijisic 
lead ac(‘tate with carbon dioxi(h' has the (‘oniposii ion 
rb(()H),^.3Pb( T)y ; and that y)re])ared by the Jliilch 
method has the composition 1T)(( )H)„.'21T)C()g ; or tlicsp 
may bo expressed structurally by the foianulas 


rb< 

rb< 

1T»< 

Pb< 


OH 

C( )g 

Vi)\ 

a ), 

OH 


and 


Pb< 

Pb< 

Pb< 


OH 

(T); 

OH 


An obj(a*tion to whit(^-haid [)aiiit is that it turns dark 
under the iidbumcc' of hydro^^a n sul[)hide. It also tiii iis 
yellow ill c()nse(pience of tle^ action of some siibslaiio' 
coiitaiiKsl in th(‘ oil with which t]i(.‘ lead carbonate is 
mixed. 

Lead Sulphate, PbS 04 , occurs to some extent in mitinv. 
Jt is fornuMl Viy adding suljdimic acid or a solubh* siil- 
])liate to a solution of a hand salt, and by oxidation ct 
haul sulphiiha Jak(‘ barium suljihati', it is practically 
insolubh' in water. xVs stati'd above, it is soim'wliat 
solubh^ in concmitrati'd sulphuric aedd, and it is tin n - 
fore always found in tin' concmiti’ated acid of commeicn. 
Nitric acid ami h\<li’ochloric acid dissolvi' it in consider- 
;d)h' (juaiitiO. It dissolvi's fnrtlim’ (juit(‘ readily in solu- 
tions of som(‘ ammonium salts, as in ammonium tart rale 
and acetate. 'U hen heated to r(Mln('ss it is partly dceoui- 
posed with loss of sulphur Lrioxide. 

Reactions which arc of Special Value in Chemical Analy- 
sis. -ddie rraictions of lead salts with the solnbk' I'.V' 
droxid(‘S, with sul]>hui“ic acid, hydrochloric acid, hvdio- 
gen sul])hide, sobilile carbonates, ])otassium chroniah' 
and dichromat<‘, are the om‘s which are principally nsid 
in analysis. All of tliese have been treated of in Ihi^ 
chapter, with tlie. exce])tion of those with potassiiim 
(dirornate and dichromate, whicli will be taken up in 11“' 
chapter on Cliromium (wliicdi see). In anticipatieii d 



LANTHANUM-CERIUM. 


C55 


may bo said that the reactions are based uj^on the fact 
that lead cliroiiiiite, PbCrO,, like barium chromate, is 

insoluble in water. 


I’lie (dements of Family Y, (di oiip A, are vanadium, 
coliimbium, didyniium, ajid tantalum. As they are 
(‘l(is(d\ 1 (dat(‘d to t]i(3 miuiilx^rs of (ii’iuip Th ol tlud same 
laiiiily, they Avere treated of at tlie mid of (diapter XVTTL. 
in m)iiii(H!tion Avith tlie members of tlie phosphorus 
yioip). Amon^- them tln^ om^ Avhieli is least known is 
(lidymium. Tliis in turn is more or Ic^ss (dos(dv ndated 
to two otlu'r (dcmimits of neaidy the same atomic wei;^lit 
which oeenr in Familh's in and l^'. ddu'se ari' lantha- 
niiiii and cerium. A few words in la'^ard to tln^se three 
lai't* t.dtmn.mts will suHic(‘ for (li(‘ pia'sent purpose?. 

Lanthanum, Chcnii .m, JdiDVMiUM. 

Tlu.'st? thr(?e elemmits occui* to^mther in several rare 
iiiiiK'ials of Xorway, as erndte, j^adolinite, and allariitc?. 
('mite is a silicatt? of tlie three metals, and its composi- 

• . . ) 

tioii is re})resent(Hl by the formula, Tju^ r('^i 0,)3 |- HK^O. 

I)i, j 

It is |)robably a mixture of thre(‘ isomorphons silitaates. 
dlir ])iiuci])td constitmuit is (*erium silicate, Cky(Si 0 j 3 . 

I he ])ertect sejiaration of the constituents of the mineral 
is a vm-y ditUmilt opmaation. 

Lanthanum, La (At. YTt. 137.59), forms an oxide of the 
huiiinla La,/)^, analogous to that of aluminium. Its 
^‘iilonde also is analoerous to that of aluminium, and has 
tile composition liaCl, ; and in all its salts it acts as a 
ti’iva l(*nt element. 

Cerium, Co (At. Wt. 139.1), forms two series of coni- 
]>')iiiids, in one of Avhich it is trivahent, resomblin^^ lan- 
bi iimni a, ml the other memlxu-s of the aluminium ^o-oup ; 
^'liilein the othm* seric^s it is ((uadrivalent, resemldin^^ 
^‘■I'on ;ind the other members of the silicon ^n-oup. 

’ ill' formulas of some of the principal members of the 
f'l^t series are as folloAvs: 

CeCI,, Ce,0,, and 
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Some of the principal memliers of tlie second series aro 
represented by the forinnlas 

Col\, CeOj, C(^(NC)3),, Ce(SO,)3. 

Didymium, Di (At. Wt. 142.1), has already been its 
ferred to on paji^e 351 in coiiiKM-tion with the nienilx'rs 
of Family V", Gi’oiip A, whi(*li it resembles in some it*- 
spects. Ill most of its compounds it is, however, triva- 
lent, forming comj)ounds, of some of which the followijig 
are the formulas : 

DiCl„ r)i/) 3 , Di(X 03 ),, T)i,(SO0„ Bi 3 (CO.) 3 , etc. 

Praseodymium, Pr, and Neodymium, Nd. — AVhile the 
naiiKi didvmiuin is still givani above, and this substance 
d(‘alt witli asilnmgli it weiTi an (d<unei]t, as it was at tirst 
lield to b(‘, it lias lieen shown by Aiuu’ von Welsbacli 
that it consists of two very similar (dements to whi(‘]i lie 
liasgiviui tin? names /nv(.syvw/y/ ///////// and HPnil ijurhi m. W Im'Ii 
the doubh^ nitrates of ammonium and didymium is ii- 
peaiedly recrystallized it is s(‘para.t.ed into two salts, oiu^ 
of wlii(di is gnani, and the other rose-coloriMl. A\ Inn the 
nitrate or oxalat(^ of oini of these ikmv elements is ignitrd 
it forms a lihudv oxide, whih; from the other is foi'iin'd an 
oxide of a diiVerent color. Tlie element that givi's goan 
salts is called praseodymium, aaid the other iK'odyniiiiiii. 
Tlie atomic Aveiglits of tlu'Sii elements ai'e neaily Iho 
same, but they have not yet been accurately determimal. 
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KLKMENTS OK FAMILY VI. GROUP A: 

CHROMIUM— MOLVROICNU.M-TUNGSTKN— URANIUM. 

General. — At tlie (>n(l of ( 'liaptcr XTA in coiino(;tion 
with tlui chemonts of the sulplim* orouj), tlie four ele- 
iiK'iits wliieli form tlie subject of this cliaptcn’ were hrietiy 
K'lVrred to, for the reason that in soiiui ies])eets tliey 
ri‘S(‘mblo sulphur. As was tlnu'e stated, this resem- 
l)l:iiu*(i “is scMUi mainly in tln^ formation of acids of tln^ 
formulas H.CrO,, ll.^MoO,, and li.^UO^; and the 

o\id(^s ChO^, Alo().„ \\d.).„ and ro.,.” Further, it was 
st;il(Ml that “ wlnm tlnmicids of chromium, molylahmmn, 
tiui'^stmi, and uianium lose' oxy<;en, tlnyy foian com- 
])oiimls which have; litth* or no acid chai actcn-. Fh(‘ lower 
o\id«‘S of chromium foiuu salts with acids, and these bear 
a m'tUKU’al res(miblatice to tlu' sabs of aluminium, iron, 
and man^an('S(‘. ddie chromat(‘s los(‘ theii’ o\\p;(ui ([uite 
it‘adily wJum acids aia^ prcsiuit with whiidi tln^ chromium 
can cnt(n* into combimitioii as a bas(‘-formijig (dement.” 
“ Molybdenum and tun^shm do not form salts of this 
cliaracter : imhanl they scnun to b(‘ practically devoid of 
the |)ow(n- to form bas(‘s. I rajiium, on the other hand, 
I'liius some curious salts whiidi dilter from tlui simph‘ 
metallic salts which we commonly have to deal with. 
ldies(^ are the unnti/f salts which are r(‘;.^mrded as acids, 
111 wJiich the hydro^eli is (dtlu'r wholly or jjartly replactal 
hv thi^ coni[)le\ U().„ which is bivahmt. Tims, the nitrate 
li.is the formula F( ).yX( the sulphate (dc. 

1 h(*se salts are derivc'd from th(‘ com])ound h’().y()H).j, 
‘letin^ as a base, wlnu-eas tln^ compound has also dis- 
hiictly acid properti(‘s.” That member of tlie ^H*oup the 
^'"in|)ounds of which are most commonly met with in 
Hh' laboratory and in the arts is chromium, and this will 
deceive principal attention here. 


( 057 ) 
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Chromium, Cr (At. Wt. 51.74). 

General. — This element forms three series of con,, 
pounds, in which it }i])pejirs to be respectively bivalcnf, 
trivaloit, ami sexivah'iit. Of these the membcus of tlin 
series in which it is trivalent are most stable iimler oidi- 
nary circumstances. Some of the princi2)al imuulx'is of 
the first seri(‘s, or tlui cliroiuoii.s cottiponndsy are repre- 
sented by tlie formulas 

Cr01„ Cr(()Hh, CrSO,, CrCX),. 

Of tlicv second series, or the chromic compoumls, soiii(> 
of the [)rinci})al membeis arc*: 

Cvi\, Cr,0„ Cr,(SOj,, (;r(XO;h, KOr(SOJ^ -|- V2B.p. 

And, Hually, tlie membei-s of tlie tliird series are d(*iiv(‘(l 
from the oxide (h'0.„ and tlun are for the most ])ai t salts 
of the acid of the formula H./'i-0,, known as c7ov>//oV' ra /d, 
oi- of an acid of the foi niula TT„Cr.,(h, known as dichromic 
ooid, which is cdosely r(‘Iated to chromic acid. 

W hmi (*\posc‘d to tin* air tin* cdironious componinls 
are c‘onv(‘rted into chromic c-ompounds, jiinl they ao* in 
_4('neral rc'adily c‘<mvert(Ml into chromic. (*om[)ounds by 
tin; action of oxidizinj^ ap;<‘nts, as cmproiis and nn*i’cnroiis 
('ompoiinds are c‘onv(*rted into cupric and merc'Uiic* coin- 
ponnds. If the oxidation takes ])lace in aedd solution 
tin* limit is reacln‘d anIk'H a c'hromic salt is formed, ft, 
liow(*vc‘r, the action takes place in tin*, pi'esc'iice ot a, 
stroll}^ base* the lindt is rc!acln*<l in the formation of 
chromate*. Thus, su])])ose chroinous oxide to l)e treate d 
Avith all oxidizing aj^ent in tin* pr(‘.sence of sul})huric ac-id, 
the iinal product would be; clii’omic; sul[)hate, as r(*])re' 
sented in tin; followin;^ c*([uations: 

thO I H,S(b CrS(b + H/); 

‘2CrS(), f H,S(), I- () (h-,(S(),), -(- B,0. 

On the otlier hand, if the oxidation takes ])lace in the 
presence of caustic j)ota,sh tin; final product is potassium 
chromate, as shown in the following ecj nation : 

CrO + 2K0H -1- O, K,CrO, H,(). 
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^Vlicii a cliromate is treated witli an acid it tends to 
puss to a coinpouud of the clironiic series, and tlie 
cli.iiip' involves the giving up of oxygen. Thus wlien 
potassiiiin clironiate is treated witli sul])hiiric acid in the 
|)ies(Mi<v ()f s()nietliiiig which has the power to take up 
oxygt'ii, [intassiuni and chroinium sulpliates are formed 
uiid i)x\g(‘n is given up, thus : 

v:ic,( 'r()4 'f 0ll,SO4 = 21 v.,S(>« -f C'ra(S<)4)3 -f 511,0 4- ;>,o. 

Alltliose odations will he more fully taken up in the 
puragia[)lis which tn^at of the individual compounds. 

Forms in which Chromium Occurs in Nature. Tlnx 

])rin(i|ial form in which ehromium occurs in natuv(‘ is 
tliH iniiicral chromite, also known as (diromic ii*()n and 
diroiiK' ii’on oia^. This has the com])osition lod’r.O^, 
and, as will he point(‘d out helow, it is ])rohal)lv aiialo- 
gnis to tln‘. spiiuds ist*e p. oT'A), being an iron salt of the 
iiii'l t'lO.OH, whirli may call.Ml iiiotacliv.inious iU'iil. 

This vhnv is l.y t. 1 u> fonmila 

t rO.O 

It orcuvs also in the mineral crocoisiU^, which is lead 
rliromate, PhCh'O^. The name chromium is deviviHl from 
tlic (haadv rmmning color; and the element is so 

talk'd h(u*anse most of its c()ni])ounds are colored. 

Preparation.— The metal is ol)<a,ined hy the (dectroly- 
sis of eliroinic (ddoritle ; hy tlecomposing the eliloride 
I'v imyans of sodium in the form of Yap)or ; and hy treat- 
ing the chloridt' Avith zi:ic. 

Properties.— Chroininm is a light-gray, crystaJline, lus- 
tions, metallic-looking sul)sta,nc(' ; or it consists of nii- 
‘■Viscopic, lustrous idiom holnnlrons of a tin-white ctdor. 
h IS very hard, and dillicultly fusible. When heated in 
air it is oxitlizetl very sloAvly, hut in the flame of the 
"xvliydrogoii blowpipe it hiiims, fonniiig ehromic oxide, 
It is (\‘isily dissolvtnl by hydroehloric atdd. Cold 
^|>lpliuric atdd does not dissolve it; the hot acid does, 
^^liric acid does not atlect it. When treated with salts 
potassium Avliicli easily give up their oxygen, as the 
'•■dorate and nitrate, it is converted into i)otassium 
'•liiomate. 
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Chromous Chloride, CrCla, is formed l)y dissolving 
inetnl in liydrocddorie ncid, niid by cnrefully lientiji.r 
cliromie cldoi'ide in ;i eiirrent of hydrogen. It foims 
white erystnls, which dissolve in w;it(U-, giving n hhi,, 
solntion. This solution tiikes u[) oxygtMi very r(‘iulil\ 
from the nir, nnd the eomponnd is converted into otln is 
which Ixdong to tlie cliromh* s(‘ri(‘s. d’he other cliio- 
mous compounds act in a. similar way. 

Chromic Chloride, CrCl;(. — T’lds compound is nnuh' in 
solution by dissolving chromi(* hydroxide, CrtOH) , in 
hydrochloric acid. This solution Inis a da I’k-gi’cani coloi'. 
IN Jien (‘vaporated to a. sulliciimt ('xtmit crystals of iln- 
com[)osition CrCI^ j - (JH,/ ) ar(‘ d(‘])osit(‘d. J f these jik* 
heat(Ml in tlu^ air tln^y undergo decom[)osition just as 
aluminium cldoride do(‘s, and tin; product left behind is 
chromic oxide : 

2CrCI, + all/) (h/), 4- t>HCl. 

If, however, the crystallized chloride is Innited in an 
atnir)splu‘re of chhndne or hydrochloric' acid, tin' watei- 
is given off, and tin* aidiydroiis c'hloihh*, whicdi has a 
beautiful reddish vioh‘t color, is formed, ddiis disscGvrs 
in wat<‘r ainl foimis a. giaam sedation. Ihit if tin* (ii'\ 
(ddoriih* thus obtaimal is siildinn'd, it is ch‘j)()SiteMl in 
lustrous lamime of tin* sann* coloi' ; and this variety 
IS insoluble in water and acids, and is only slowly 
jicted upon b\' boiling all\ali«*s. d'his iiis(duble, ervstah 
liz(‘d vaiiety of the chhndde is obtained also b)' tin* sain*' 
method as that us(‘d in making alumininm chloihh*, tliat 
is, by ])assing a cnrr<*id. of chlorine over a heatc*d niix^ 
turc; of c-arbon ami chromic oxide. Although it is calk'd 
insolulile, it passes gra«lually into solution b\' boiliiiy 
with water. J'dirtln*r, wln*n a. vc'iyv minute* cpiantity oi 
chromous cldoi'ide is mixeel xvith it, it dissolves ('asily, 
and forms a gre*c*n colored sedution. 

(Tiroinic; chloride unites with other chlorides, as ahi- 
inininm chloride do<*s, and forms double; idilorid; s, 
analogous to tlie chlor-aluminates. Exam])les of tin s>“ 
are the compounds of the formulas (h'Clj.KCd, ‘*i 
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KCrCl.; G 1 CI.. 2 KCI, or lv,CiCl,; and CrCl,.3KCl, or 

Chromous Hydroxide, Cr(OH)., is formed sis a brown- 
isli-ycdlow preeJpitsite by siddiiig i-iiustie potash to si solu- 
tion of cliromous elilorido. It esisily gives up liydrogen, 
;md is cou verted into eliroiuic oxide : 

2Cr(OH), Cr,0, + H/) + H,. 


Chromic Hydroxide, Cr(OH)n. — AViien ammonia is added 
to SI solution of SI (diromi(! ssilt, a liglit-blue voluminous 
|H‘(‘oi|iitate, which hsis the composition (hyOH),, -j- 2H,/), 
is formed. AVhmi this is liltered off siiid dried in a 
Ysicunm it loses the wsiter and lesives the hydroxide. 
Tliis is residily converhul by lieat into si compound of the 
foi’iiiuhi (JrO.Oir, Sind tinsilly into clii’omic oxid(', Ci’dlg. 
Tli(^ green ])reci])itates formed in solutions of chromic 
salts l)y sodinin sind potsissium hydroxides silwsiys con- 
tain SOUK' of th(^ silksili iiK'tsil in conibinsition. 

('hroniic hydroxide, like siluniininm hydroxide, dis- 
solves in tlu'- soluble hydroxides, sind forms salts known 
as chromites, wliich sire (huived from the sicid Cr().()H. 
'I'lins with potsissium hydroxides tln^ sictiou takes phice 
;is r(*pi’esent(ul in the ee^uation 


/OH 

Cl/ OH I- KOH 
M)H 


Or. 


+ “'A 


If ihe solution ce)ntaining potsissium or sodium chro- 
^iiit(‘ is boileil, tln^ ssilt is (hs'omposed sind chromic hi - 
'b(»\id(; preci[)itsited, though th<‘ ])recipitsite thus formed 
Jibvays c.ontsiins soim^ of the silksili metsil in combinsition. 
ll will be notic(Ml thsit in this n^spect siluniininm sind 
'Inomium conduct themselves diUereiitly towards the 
'll hi line liyilroxides. 

It has silresidy bmui stsited tliat chromite, (CrO.ObFe, 

' ogsirded sis sin iron ssilt of the same tirder as the po- 
tii^simu ssilt referred to. 
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Anotlior liydroxide fcn'ined b)' potassium di 

chronuito and boric acid together has iJie coniposilion 
represenbal l)j the foriimla (h’/)(()H)^ or 
Tills is known as (ru'njmEs (jn-en. The relation betwrcu 
till' normal hydroxide and these compounds is shown 
by means of the (‘(piations 

2Cr( ( )}l), Cv,0{0n\ + H,() ; 

4Cr(()H), == 

Chromic Oxide, Cr.,Oa, is formed bj" igniting the liv- 
droxides, and is most readily prejiaied by lu'ating ;i 
mixture of potassium dichfomate and sulphur. 'J'lic 
sul[)hur is oxidized, and with the potassium forms 
potassium sul])hah‘, whih‘, tin', chromic, acid is ri'dmbil 
to the form of tin*, oxide (T'd).,. It can lx* obtaim'd in 
crystals. As ordinarily obtaim'd it is a green powder, 
■which after ignition is almost insoluble in acids. It is 
diss()lv(*d, how(*V('r, by treatment with fusing ]>otassiinu 
sulphate. T’lie oxide colors glass gi'een, and is used in 
painting porcelain. 

Chromic Sulphate, Cr,.(S04)3, is made* by dissolving lln' 
liydroxide in concentrated snlpli uric acid when it is de- 
})ositetl in ])ur[)]t.* crystals of tln^ com])osition (h’dSO,,);, H 
loti,/), if tin* solution of this salt is boiled, tlx* so- 
lution becomes gr<‘en, and crystals cannot be obtained 
from it. Jiut by standing for some tinn*. tin* green solu- 
tion becomes reddish [)urpl(*. again, and yic'lds tin* ciys- 
talli/ed salt. Other salts of chromium act in tin* s;i nit* 
way. They exist in two varic'th'S, one of which crystal- 
lizes and is r(xldish ])ui-ph^ in color, whihi tin* other dot s 
not crystallize, and is green. Tdie crystallized salts an' 
convert(*d into tin* uncrystalliz(xl gre(*n salts by boiling, 
and the gr(x*n salts are converted into the crystal li/e'l 
salts by standing. 

Chrome-Alums.—Chromii^ sulphate, like aluminium sul- 
phate, combines with other sulphates, su(*h as potassinng 
sodium, arnl ammonium sulphates, and forms well-cig - 
tallized salts, whi(di are closely analogous to ordina/\ 
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jiliiin. Tli(>y all contain twelve niolecules of Avater, as 
ivpiesented in tlie formulas below; 

( liionie-Aluiii, KCr(S()J,^ 

Sndiaiii (dliroine-Alnn], . . . Na(d*(S()J, -)- 

Aiiiiiioninni CJirome-Aluni, . ( AHj(;r(S()d., -f- 

'I'Ik' ])otjissiiini eomponml Avliicli is commoiilv eallcMl 
( liroine-nlum is leader by addijig a rediicin^- a<j;('n(, sncli 
as alcoliol or sn]|)linr dioxides to a solnlion of potas- 
sium diciii’om;it(‘ containing snl[)lini‘ic arid. Jf tJie solu- 
tion is Ijimted it turns griMUi, and crystals cannot be ob- 
laiin'd from it. Ibit on standing for a considcuabK' tiiix^ 
its color changes, and lasldish-purplc crystals of the 
alum ar(‘ (hg)osite(l. This change can b(‘ facilitat(Ml by 
))i]tting SOUK' crystals of tlie salt in tie' coinamt ratcul 
gi't in solution. Tdie action of r(‘ducing agejits upon po- 
tassium dicliromate will b(‘ treated of farther on. The 
salt tinds ap])lication in dyrnhig and tanning. 

Cliromic Acid and tho Chromates.— It has already been 
stated that Avhen (*hromium compounds ladonging to tln^ 
rliioiiious and chromic series ar(‘ oxidi/aul in the ]>res- 
rii( (‘ of bas(m th<‘y ar(‘ conv(U‘t(‘d into chroniatcm. dln'se 
salts ar(‘ deriv('d from an acid of the foi niula H.XhO,, 
^\llich is unhnown, as it hieaks down s|)ontan('ously into 
(liioiiiium ti'ioxide, C'r(),„ and water, when it is sid fiu'e 
liniii its salts, just as carbonic and sul[)hurous acids break 
ilowii r(\s])ectiv(‘l V into carbon dioxid(‘ ainl watcu’, and 
sulphur dioxide and Avatiux Tin' stai'ting-point for the 
picparation of the chromab's and the compounds re- 
lat(Ml to them is chromic iron. This is ground hm*, inti- 
iiiuti'ly niix(‘d with a mixtuiu' of caustic potash and lime, 
mid then heated in shalloAV furnaci's in contact Avith tho 
;hi. Under these circumstamu's oxidation is etl’ectml by 
dm oxygen of the air. TTu'i ii'on is convertt'd into ferric 
and the chi'omium gives, Avith the calcium and 
I'classium, the corresponding chromates, (ki(h()^ and 
Ivt uO^. When the mass is treated with Avater these 
^‘>hs dissohe, and ferric oxhh' remains undissolved. ]ly 
heating the solution Avith potassium .sulphate the cal- 
‘‘•'iin salt is converted bito the potassium salt, and thus 
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all tlie clnoiniuin appc'jirs iii tlio form of ])ot;LSsium oliro. 
mate, tlie c1iaii^(*s reforrtMl to are re 2 )reseiited in tlie ioj, 
lowing e([uations : 

‘2((h ();),Fo + 8K( )H + 70 4K,CrO, + Fe ,03 + 41I„0 ; 
!2(CrO..)..Fe [- lOaO J- 70 =- 4(JaCrO, + Fe, 03 ; 

C^aCrO," + K,80, = fUJiO, + CaSO,. 

As ])otassinm eliromate is (aisily soluble in watoi', and 
tlunad'ore ditHeiilt to })nrifv, it is eoiivertcul into bu' 
dichroniatc^, Avbieli is l(‘ss soln])l(^ and erystalli/a's wadi, 
d'ho rliang(" is easily (^dVadcMl l)y adding the neiM'ssai'v 
([uantitv of a dilnti* acid. Tf niliie aeid is used tli(‘ iv- 
aetion is j'eprescud-ed lay tln^ following (apialion : 

‘2K,(h()^ f 21iNO, =- KAhJ), | ‘JKNO^ + H.O. 

Tlie salt flms oblaini'd is inannfaet nri'd on the laii^i' 
seah‘ and is llie stai’ting-[>oint for tln^ jireparatinii of 
otlu'r chroiniuni (*onipounds. 

Potassium Chromate, K.CrO), forniiMl as al)()^e di'- 
sei ilx'd, is a I ii^dit-yidlow erystalli/ed substance w lii(di is 
easily solid)l(‘ in water. 1 1 is isoinoi’idions with potas- 
sium suljdiatm Acids convmt it into tlu' di(dironiat(', as 
just stat('d. 

Potassium Dichromato, K,Cr., 07 . -This salt forms la)":i' 
I’cd ])lates, whicdi are l,ri(dinic. It issolubh' in tmi pails 
of wat(M‘ at tlie oiaiinary tempm’atu and is mmdi more 
solubh' in hot wat<‘r. Wdimi In'ati'd, it at lirst m< lls 
without undei-going decomposition ; at whiti^ heat, h<e\- 
(‘ver, it is (h‘compos(‘d, yitdding the chromate, chi’oma* 
oxide, and oxygen : 

2KAh A), 2K,(hO, 1- Or^O^. + 80. 

Itundm’goes a similar (diaiigi^ but much more ri'adily, 
whmi heati'd with (Mincmitratml sidphui’ic acid, fn 
case, how<'V(‘r, th<‘ chi'omic oxide foians cdiromic sulphate 
with the acid, and this forms chrome-alum with tin* po- 
tassium sulphaie; 

K ,(hyO, 4- 4H,SO, 2KCr(S043 + 4H,0 H 80. 

All the oxygeii in the chromate in excess of that reipiie 1 
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to form the <alum and water is given off. This also is 
the cliaracter of the action towards reducing agents in 
n-ciieral. One iindecule of the dicliromate gives tliree 
hIoiiis of oxygen. Witli sulphur dioxide the action is 
tli.'it j'epresentcMl in tlie equation 

K,Cr,Or 4- 4][,8()^ -f ;JS(), 2 IvCi(^() 02 + -f 11,0. 

Or, ojie molecule of the dichromate converts three mole- 
ciih'S of sul])hur dioxide, SO,, into three molecuh^s of 
siilpliuric. acid, H.^SO^. 

Tli(‘, action with alc.oliol will be understood by the aid 
of tile following e([uation, which represcuits tlie action of 
()\yg(ui ill general upon alcohol : 

CU1„0 t O ^ (IH;0 - I- li^o. 

, Alcohol Aklcliydc 

Lacli molecuh', ol alcohol reipiires one atom of oxygen 
tn Cl »n vert it into ahhdivde. Thei*efore, one molecule of 
llic dichromate oxidizi^s three molecuh^s of alcohol to 
alil.diyde: 

Ka’i-.O, 4_ 4II,S(), -P 2K('r(S0,), -}- IKgTl.O f TllaO. 

boncmitrated hydrochloric acud is oxidized b}^ the di- 
cliiomate, and chlorine is involved: 

K,Cr4h 1- ldH(d 2KC\ + 2CrCl, + THJ) p hCl. 

Ki'ii' two atoms of chlorine are required to form potas- 
siiiin chloride with the pi^tassium, and six to form chro- 
hiic chloride with tlie ^*l^•ominm; and the eight hvdro- 
-‘itoms in ('ombination with this chlorine combine 
with four atoms of oxygim of the dichronnite, leaving 
til ICC more to oxidize h vdi’ochloric acid. Constapientl v 
'die inoh'culc! of the dichi’omatc^ sets free six ati^ms of 
rhiorine : 

80 f hllOl 8Hd) I- bCl. 

^Mien the dichromat(» in solution is treated with po- 
hissium hydroxiile, its color changes to yellow, in con- 
■"^ri I Hence of the formation of the chromate, the action 
hiking place as represented in this equation: 

K,0r,0, 4- 2TvOTT ^ 2K,CvO^ 4- IT/). 



JNOHGAmC CIlEMlSTUr. 


(i6G 


Potaf^siuni (licliroiiuito finds ('xteiisive use in tlu^ .n ts 
«‘ind in tlie Ld)()rafiM’y as an oxidizing aj^ent. With gchi. 
tine it forms a mixture Avliieh is scmsitivo to liglit, whirli 
turns it dark, and niak('sit insolu])le. This faet is ni.uh' 
tlu' hasis of a nnmhor of pliotogiaplnV' j)ro(*(‘ss('s. 'I Ik* 
dielironiat(' is ust'd, further, iu dyeing. 

Chromium Trioxido, CrO,, erystallizt's out on eoolinu 
when eitlnu' the ehromat(' or the dic]iromat(‘ is Ircalf ii 
in ('( >11 (amt rat iM I solution witli eoiaand ra t(‘d su]|)linri(‘ acid, 
^riiis is a laaautiful J’(m1 suhstanee, which ciyslallizc s in 
lUH'dles. \\’li{‘n dissolvial in watm’ it foinis a solulin)! 
frojii whicli, l)y mmtralizat ion, tln^ chromates can la' oh- 
tained. Wdum Inaatc'd aloiu' it givi's off half its oxygen, 
and is converted into cliromic oxid(' ; 


2( h (h (h Ji, H 

and Avlum lieated witli sul[diniic acid it gdvcas chromic 
sulpliate and oxygcm : 

ooro^ + = (h jso.y, 1 dhi.o -j :k). 

It is am exttx'mely aidive oxidizing agi'iit, disinti'graliiig 
Tuosl orgaiuc suhstama.'s with wldcli it is lironght in (aai- 
ta(d. 

Relations botwoon tho Chromates and Dichromatos. 
Tlie fac't that chromium trioxide with wat('r giv('S (diic- 
niic acid, whi(di is a dibasic acid, wlios(‘ salts in g('ii(‘ial 
res«‘ml)le thosf- of su 1 phuric acid, ]('ads to tin' Ix'lii'f thni 
the stimctina' of chromic acid shoidd la^ repia^sentral h\ 
a formula sijuilar to that of sidphuric acid, thus: 


() 

HO-S-OH 

I! 

() 


() 

nO-Cr-OH 

II 

() 


or 

0,S(()H), 


or 

0,CiiOH% 


Just as sulphuric acid by loss of water is converted iid" 
disulphuric acid or pyrosulphuric acid, so chromic acid 
is (converted into dicdiromic acid, and in all probabili N 
the relation betw(*en the chromates and dicliromates ■ 
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;]i(‘ s.iiiu' .‘IS l)(*t \\ (‘(‘11 tli(‘ siil|>li;it(‘s and disiilpliates, 

1 pi ( s(‘jit(‘d by t]u‘ (‘(piatioiis 


SO 

OK 
Oil 


HO,. 


HO.. 

ho; 


.011 

() 

0)11 


+ 11,0 •, 


CrO,. 

CrO... 


OH 

OH Cvi) 
OH (U(>' 
OH 


OH 

O^ +HA 
OH 


i.u(, as lias 1 )(‘(M 1 stal(Ml, iKaflior dinnnir acid nor di- 
•■linanii^ acid is known, as ilnw bivak down into clirojninni 
fiK)Md(‘ and waicr wlnm s(‘fc r,V(* tVoni tlndr salts. Tlic 
<•< •'aversion of potassinin clironiaii* into tli(‘ dicliromatc 
ky ti‘(‘aini(‘nt witli an acid is r(‘|)r(‘S(‘nt(‘d as follows : 


Cr(),< 


-OK 

OK HNO 
OK HNO' 
OK 


( d ( 


('yO, 


0 >K 

()H 

OH 

OK 


f 2KNO3; 


(d’O 


CrO 


OK 
^" 0(1 
OH 
^ OK 


CrO., 

cvi ),; 


d)K 

() 

" OK 


1 H 3 O. 


Sodium Chromate, Na CrO., and Sodium Dichromato, 
iVa.Cr O,, ai(‘ nia(l(‘ in Mi(‘ sarm* wav as tlm iiotassium 
^-'"l-unds. Tli(‘y a.v hotl, d(‘lic,n(‘sc(‘nt; as ordinarilv 
It has, ]iow(‘V(‘r, ivc(‘nllv hcim shown that a. sci- 
;'"*""h(dironiat(‘ whicli is not del i(, U(‘sc(‘ni can made ; 

'd |)res(‘nt it IS laiccly manufactured instead of tho 
"'"fiM wliat more e\p(‘nsiv(‘ ])otassium salt. 

pniim Chromate, BaCrO,, lik.. the snl|.Iiafe, is ins,.l- 
'"'l' H, uatm-.au.l is pr,vi,,i(ato,l wlum a solution of a 
'■"'""i salt IS l.rouolit topu-tluu- with a solul.l,. chroniato 
' " hroiuato. Tt is soluble in liv.lrocliloric acid and 
"" "• 'KM.l, l.nt not in acetic achl. The strontium salt is 
""'"'What soluble in water, and easily in hvdro.-hloric; 
and acetic acids. 
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Lead Chromate, PbCr04, occurs in luiturc, jiiul is foriinMi 
as a hoaiitifiil yidlow precipitate wLeii a solution of u 
lead salt is tn'ati'd with a solution of a chroniato or dj. 
chronnite. it is used as a pigunuit uinh'r tlie iniinn 
rlironie yelhur. ^\ luui lieatcsl to a liigli ttnnperatui r it 
«^iv('s oil some of its ox\^(‘n. In contact witli oxid iz.i !»1(^ 
sul)stanc(‘s it ^ives oiV its oxy^um yovy easily, and it is 
us(m 1 ill the laboratory in sonu', cases iiist(‘ad of eupiic 
oxide ill tlie aiailysis of organic compounds tsiH* p. .V,il , 
Treated with dilute potassium oi’ sodium hydroxide ii> 
insiilVudent ipiantitv to dissolve it, it turns rml in eoii^(‘- 
([inmce of the formation of a, hasii* chromati- whii 1 ; i^ 
known as c//nn//c jY(L The action takes place' as I'epii'- 
si'jited in the eipiation 


CrO, 

CiO, 


() 

() 

() 


IT) 

IT) 


2K01I CrO,< 


0~Vh-OH 


KThO,. 


This then loses water, and forms the salt CrO,, <|| 
which is (dirome riMl. 

Ijisid (diroimdi' dissolve's conijihdi'ly in the caiisfic 
alkali('S in consequence of the foimiation of (*h roin.dt's 
and plumhiti's. 

Sih'ri' eh Aj^dh’O^, is ioriiH'd as a red preri['ilaf(‘ 
win'll n (diromate is tix'ated with a, silvi'r salt. 

l*nf(issi u m ( rich rofitdh^ Iv.d 'r,, (),,,, and 'pofassnnn frfn'- 
KX-rd),.,, are' formed by treatin'^ the dich roniiile 
with nit ric acid : 


:;K/h-.0, I - 2HX(), 2KXh-,0,„ -h 2KNO, 4- 11,0 ; 

h 2HN(), - -j- ‘iKNO^ j- 

The acids from which these salts are', derived bear <e ni- 
elinary (diromiet aciel redations similar to those whi<di tli'' 
polysilie'ie* ae'ids Ix'a.r to oi’dimiry silie*ie; acid. 

Chromium Oxychloride, Chromyl Chloride, CrO Cl;, 
is anale)^ous to sulphiiryl chloiide, SO/T^, and is h' d'- 
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)( us d(‘rivo(l from clirouiir ucid ])y tlm replace- 

iiKMit of tlie hydroxyls by cldorino : 


CrO, < 


OH 
OH ’ 


CrO.^ < 


01 

or 


is fortiie.l by tieiitiiiyr a mixture (.f .sediuiu ebloiide 
,nid ]Kibissiuiji di(dii(.miit(i with .sididiuric acid. Ibob- 
aldv the sid[diuiic acid set« free liydn,chl,,ric acid and 
clironiic acid simultaneously, ami (hes,. then act upon 
each other as repiaiseuted iji the e(|natio]i 




H HI 
H|(U 


^ (’r() 


Cl 

01 


2100. 


Ibis ;i dark-rod-colort'd li((iiid, wliich boils at lid ’ witli- 
nai derojopositioii. With Nvator it oivos rliromic acid 
Ji\ drocldoih* acid, and with an alkaline hydioxidt.^ it 
{^i\cs tii('. cori‘('S])()jidiiig chroniati' : 


Cr(b- 




[HIO 
II HO 




:;;;i+^nci; 


I s:i{ 


<'-o,<;;; 0 |. 21101 . 


Reactions which are of Special Value in Chemical Anal- 
ysis.- I h(‘ ivactions of clii-omic salts with tln^ 
lni<lrf>.rh/rs havt' bctai ('XplaiiKsl. AN'ill, t|,(> 

prt't'i j litalcs which consist niainh' of 
f liydro\i(h‘, though caidtonic acid is to sonn^ (‘xtt'iit 
' 'Miibination in tlitmi. ddic.st^ ])n‘cipitatcs arc solnbh^ 
larj^t' excess of th(‘ cai-bonaie. 

I lie sobitiofi of chromic oxith' in an alkali is i;reen, 
”>l l*y oxidizin',^ a^nnds it is turned yellow in consetpnmce 
*’ III*' toi’mation of a chromat«\ 

^ f>/(/ Hxjrn (h)es not |)r(M*i|)itat(' chrominm from 

^ Am (HON IN in snlpliiilv ])r(‘cipitates chromium hy- 

' |"'^i<h', the reaction ])ein^^ the same as in the case of 
•‘^'’Illinium (whicli sta'). 

J j4i\<' with barium and load salts voIIoav prt'- 

] h.itcs (se(^ -Barium Ohi'omate and Ijoad Chromate). 
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When heated Avitli sulphuric acid, the clir('in;it( > .n, 
deconn)()sed, with ('volution of oxvj^t'ii. TIk' action df 
hydrochloric acid u})ou tlie chroniati's ^vas explain, d 
above. 

Ill iieiilral or slij^'litly acid solutions of chroiiiati's, 
. ! \ ( 1 loyini snlpliidi' and am nioniii iii snlpliiih' a<‘t as re- 
ducing agents, and })r('ci[>itat(‘ tin' hydroxidt' niixcMl \vi(]i 
sulphur : 

[ ‘211(1 -2K(1 I 2(1y()ll),-fiS I Hd). 

\\ ith borax or mi(*rocosmic salt clironiiiim coni])oiiri(b 
form i^r('('n Ix'ads, lioth in the oxidizing; and reducing 
tlanu's, 

MolyudJ'M Af, Mo (At. \\d. 00.26),. 

General.— dlolybdcniim is of iidcri'st on account of llu' 
variety of its componmis. It forms four compounds wi’tli 
chlorim', the formulas of whiidi a[)[n‘ar to b(‘ iMot’f, 
Mod,, M od,, and Mod,. With ox\y;('U also it forms 
four compounds, but, whih' the hrst thri'i' ai’i' analogous 
to till' first this'i' cliloriiK' compounds above' nn'iit I oikmI, 
tin' last (litters from the last dilorim' compound, hi it 
the eh'tin'ut is sexivah'ut. Hie huunulas of the owLjeii 
compounds ai'<‘ Mo(), INfod), INFot),, and l\Io(),. Tlir 

last of th('S(' is analoj^'ons to chi’omiiim ti’ioxide, as it 
forms salts with base's aiialo}j;ous to tin' chromati's, and 
known as tin' molybdates. 

Occurrence and Preparation. Molybdi'iium occiiis in 
natnia' [)rincipal] \ as mol \ b<h‘nite, whi(*]i is the sul|ddd'' 
i\[oS, , and as w nlh'niti', whidi is h'ad mol\ b(1at(', Pb.Ab t t. 
It occurs also, luit in smalli'r (piantitv, as molybih inim 
triox i(h‘, MoO,. It is obtained in fr('(' condition l»y li' at 
inp; the oxi(h*s or clilorich's in a cui ri'iit of hydroy(‘ii. 

Properties.- It is a very liai'd sil ver-whit(' nn'Ial "t 
s])('cilic <^ravitv HXk It is a.])]iar('ntl \' infusibh' wln'ii |iiii('. 
W In'll In'ated for a. considerabh' tilin' in the air it is coii- 
vi'ited into the ti’ioxide. it dissolve's iii conc('iitr;itt'<i 
nitric a(!id and in (Kfna 

Chlorides. — When inolybeh'nnm is lieated for a I 
time in a current of chlorine it is linally comph't(*l \ * <">' 
verted into the pen tachlorido, i\ro( 1 ^. When the p( ida 
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is lic<ito.(l to ‘2i)(V in ;i cvirrt'iuti of liydroi^eu it is 
(H,iiv*'ited into tile trieiiloride, MoCd,. And wlieii tiie 
{lifhloride is liejited in a current of cari)on (li(.)xide it is 
converted into tlio dicliloridt^ and the tetracliloride : 

2Mo(d, ^ MoCl, + Mori,. 

Oxides. — Tlie iinal })roduct of tlie action of oxv'^en or 
n\i(li/in}-^ ag(nits upon nioly1)d(‘nnin is I he trioxidc, ^loO.,. 
This is ohtaiiK'd (a)ni])arat ively easily when niolylxlcuiite, 
MnS„, is niix(al with ])nr(‘ sand and r<>ast(M], iluni tr('at(nl 
aiinnonia., whicii forms ainmoninni molvdalatce TTiis 
salt is ci‘vstalli/ed, and afh'rwards (h‘com])os(‘d In nitric 
acid. Tin; o\id(; is a while crystallized substance which 
is«ilitllcultly soluble in wati'r. WTnm a solution of tlm 
ti'ioxid(‘. is ti'eati'd w ith 7‘cducin^U, a^amts, as sodiuni-anial- 
gaiii, lowaar oxides are formed, and the rcaluction sto})S 
at mohfhdic e./vdc, dlo^O.,. TTiis is a blaadv compoumL 
Till' Mo().^, is a dark-blin; siibstama' whi(di is 

foi mod by ^ent ly heatinjj^ tln‘ nndal or molyladic; oxid(', 
i\h).( ),^ in tin; aii', and also by heating the corresponding 
li yd rox i(h‘, i\Io(( ) 1 1 i,. 

Mill i/hdnnun ///eae.ra/c, iSfoO, is fornn'd by trimtinfi; a 
solution of the <li(ddoi ide with hot caustic jxatash. Like 
iiielybdic oxide it is black. 

Moh/lxh'iunti f risfi]phi(h\ IMoS,,, is pr(H-i})itat(Ml as a real- 
dis)i-l)rowu substaina' when a. modtu’atidv (a)nointratt'd 
Solution of a, mol\bdat(‘ is tnuattnl with hvdrojyeii sul- 
I'hide. Wdnui h('at(Ml it is convtu’ted iido tln^ d}s}(lpjii(h\ 
^loS , w hi(di is i(hMdical in (*om|)osition w ith tin' rnolyb- 
‘h'liitt' found in iiatmae 

Molybdic Acid and the Molybdates.- Afolybdenum tri- 
i^eido, iMoO^, combiin's la'adily w ith base's, foiuiiinp salts 
which in com])osition are' analoe<‘iisi te) the' edire)mate's. 

h(ui aminoidum Tueely belate' is tre'ateel w ith mode'rate'ly 
dilute nitric aci<l fre'C molybelie; aciel crvstallize's out. 
ilds has the composition repre'senb'd by tlio fornnda 

roH 

HA1()0^_^ and perhaps the constitution AtoO 

I OH 
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analogous to that of tetralijdroxyl-sulphuric* arid. M,,. 
Ijbdic ac'id not only forms compounds ^vith bases, hut 
also with acids. The latter are, however, not salts, l)ut 
complex acids wldcli in turn form salts with bas<\s, some 
of which are extrcnnely com2)licat(‘d. There ar»‘ a, mnii- 
ber of molybdates known of tlie general formula j\l ]\lo() 

. ^ ^ i 4> 

in whicli M represents a univalent ehmuMit, but the acid 
further shows a markeil t.(mdeiu-y to form more compd ^ 
salts, derivatives of polymolybdic acids. 'Jdiiis tlie fol- 
lowing sodium salts are known: TSa.MoO^, ISa.^iMod ) , 
Ka.,i\[o.,0,„, iNa.,i\lo,(),,, ]Va-.,l\ro/b„ ^''a,,lMo,^0,,,, and 

Ka.Mo^kk^. The ladatioiis Ixdavecni the aciils from wliici) 
these salts are derived, and molybdic acid, H^MoO^, will 
readily be seen by the aid of the tVdlowing etpiations ; 

21I..Mo(), r. + HT ) ; 

;}H‘Mo(), H*]\Io*()„ -I 2i*b(); 

41J.^MoO, TI„Mer^(),3 -j- fill/); 

8H,Mo(b 1131o„(),^ + 7T1,(); 
lOlLMoO, == H31o,ob)3, + 1111,0; 

7H,iMoO, r:. >1,M(),0,, + 411,0. 

Ijoad Molybdate, PbMo04, occurs in natnr(\ as has Ix'cn 
stated, and the minei al is known as wulfenite. It can ke 
obtained artiticially by meltijjg together sodium molyk- 
date, lead chloride, and sodium chloiide ; or by ti’ealing 
a solution of sodium molybdat<^ with a- solution of lead 
nitrate. If the reagents are ])ure tlie artificially jna'jian d 
salt is white, while tln^ natural variety is ahvays yellow 
or rc'd. 

Phospho-molybdic Acid.— Among the best known and 
most frmpiently imd with compounds of molybdic acid 
with acids is that which it forms with phos])horic acid, 
known as phf)spho-rn<>lt/h(/ir- (tcid. W’lnm a solution ol 
aminonium molybdate in an exccnss of nitric; acid is addrd 
in excess to a solution of phos|)horic acid ora phos|)l)ale, 
a yellow ])ieci])itate is formed. 44iis is ainmorihnn 
ph()-molyh(i<de^ which, when dried, has the composition 
represented by the formula r2Mo03.(NHj3P0^. This is 
insoluble in water and in dilute acids, and also in a nitrn- 



TUNGSTEN. 


673 


solution of animoninm inoljlxlatc. On account of 
the properties lueiitloueAl, tins salt tumislies a -valuable 
moans 'oi detectinvj; pbospboric acid and of precipitating 
it from its sfdutious. ^Vlleu tlie salt is treated with aqua 
injia it is decoinp)osed, and from tlie solution formed 
u compound of tlie composition -f 1211,0 

crystallizes out. 

Tungsten, \V (At. \Vt. 183.43). 

General. — Like undylulenum, tungsten forms a large 
Y.iriety of compounds. IVitli clilorine it forms four, of 
which' the formulas are WOl,, WOl,, VVC1„ ami WCl,. 
l\'itli oxygen, liowevau*, it forms luit two compounds, and 
tln'se are represented ky tlie formulas WO,, and WO,, 
llie trioxide forms salts with bases whicli are analogous 
to the molylalates, and, like molybdic acid, tungstic^ aeid 
forms comt)licat(‘d salts which an^ dei'ived fi’om polv- 
tiingstic- acids. Lurther, tungstic acid combines with 
other acids, forming V('ry coniph‘x acids. 

Occurrence and Preparation. — Tungsten occurs in na- 
lure as tungstati's. Tin* princit)al one is the iron salt, 
which always, howen'er, contains some maiigam'S(\ ddiis 
is known as wolframit(', and has the comj>osition repre- 
sented by the formula IVAVO^. (kalcium tungstate, 
(’aWO,, or scheedib*, and h'ad tungstate, L1)A\’0^, or 
slolzite, are also found in natur<\ but in smaller (|ua,ntity 
than wolframite. Tin' t‘h'immt is j)repared by redmung 
the chlori(h 3 S or oxide's in a curiH'iit of hydroge'ii. 

Properties. — dhingsten forms lustrous, ste'e'l-colored 
hiniiine, or a l)lack ])owd(‘j’. It is vc'ry har<l jind ditlicultly 
tnsible, and has the specilic gravity It). 121). It is jiot 
rhauged l)y contact with tln^ air at ordinaiy temperatures. 
At higher iem]mratures it ('ombines with oxyge'u and 
h»rnis the trioxide, WO,. Nitric^ acid and aqua m/ia 
convert it into the trioxide. It is useul in tln^ nn'inufac- 
t'lre of steel, as the addition of from 8 to t) per cent of it 
J>iakes steel extre'inely hard. 

Chlorides. WTien tungsten is heated in a current of 
< hlorine it is couve'i tod into the hexacliloride, A\ (d„. The 
“'her chlorides are formed by lieating this in hydrogen. 
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Oxidea.— Tim^sten triox'ide, WO„ is fouud in sih.iIS 
quantity in natuia^ and is forniod from wolframito Ijv „ 
numbor of motliods. When a solution of a tungstate is 
boiled with an acid the trioxide is pian-ipitated as a vel- 
low powder. Lbidor the iiitiuonce of sunlight it tiniis 
greenish. It is insol iihh; iti water. In alkalies it dis 
solves, forming the tungstates. Wlien lieated in a cunvut 
of hydrogen, lower oxides are formed; and a hlu.> e,,„i- 
1)01111(1 thus ohtaiiiisl appears to have the eoiiiposilion 
represented by the ron.iiila '2 Wot), 4- WO., or WO. 
llie i/io.i-a/c, I\()„ is obtained by further rediiclien. 
Tliis is ;i lirowii powder. 

Tungstic Acid and the Tungstatos. — ^Adien tlie VfMjiiiivtl 
(juaiitities of trioxide and potassiuni earlionatt' 

ar(‘ hrono-lit togidlitn* in solution, or are iindted togotln't, 
potassium tiingstat(‘, K.,\V()^, is formed. If a solidion <,f 
tliis salt is tri^ati'd with a strong' arid at tln^ ordinai'\' 
tenipei atiii e, a wliiti^ preeipitatt^ ol thti eompositioii 
O, |-ir..() is formed. Tin’s is tungstic at'id, analogous 
to crvstallized niolylxlic aeid. If the solutions are iiot 
the preci[)itate has the conpiosition H..\V()^. Among ila^ 
conijih'X salts dtnived from ])oly tungstic acids are tlio 
following; Na.^WdK, Na,\V,(),„ Aa.AV.J),,, etc. Thv iv- 
lations betwtam tin.* poly tungstic* acids and the ordinarv 
^ari(*ty of tln^ acid, will be Vfuidilv umh'rstood. 

iln^ salt, ?Sa,„A\ ), is known as .sn<Jnnii jxtro- 

( fnufshtfr. it is manufactured on tin* large scab* l)v Ik'.iI- 
ing togeth(‘r wollrainitc^ and calcin(*d sodium carboiiah . 
luhainmabli* substanc(*s im]>regnat(‘d with a solution of 
the salt burn with gn‘at dithculty, and it is used to jiro- 
t(‘ct vai’ious ai’ticles troni lire*, ddie salts (h*riv('d from 
tlie ac'id, ar«^ calhxl m(f(f//ni(j.sf((frs. 

Silico-tungstic Acids. Among tin* most interesting of 
th(3 (uinijilex comjiounds tornn*d by the combinai ioii 
of tungstic, acid with otln^r jicids are those known ns 
the silu'<)-f }(fi(js'fw (K’lils, \Vh(‘n sodium paratungstal' , 
boiled in solution with jirf'cijiitated gi'hili 
nous silifuc acid, tin*, latter dissolves, and from the soliilion 
a salt of the composition Na„W,.^SiO^^ -j- crystal 

lizes. This is soluble in one tifth its weight of watoi, 
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and tlu' solution lias the reniarkuhly liigh specific gravity 
;j ()1. The acid from Avliicli tlie salt is derived is known 
as silico-tungstic acid. Its composition is represented 
1)V the formula 4H./).12W()g.Si(),^ ; and it may he re- 
pard 'l as made up of a polytungstic acdd, H^W. 
in coiiihination with one molecuhi of silicon dioxide, 
H,AV,,/),,.Si(),. 


Uranium, XJ (At. XVt. 

General. — Xh'anium iias stronger- hasic ]vroperties than 
nitiu r iiiolyi)dennm or tungsttni ; and it diliVrs from 
rlnoniiuin in the tact that the trioxidi^. forms salts with 
unhls. These salts are the. uranvl salts which iire dc'rived 
iXoiii the hydroxide', liOjOll).. or The cor- 

ivs|)onding compounds of clu-omium, niolyhdenuni, jiiid 
tiiiigst('n ai’e aedds. Ui’anium also foians sjilts in Avhicli 
if acts as a (j uadiival('nt element, as IhSt'hh. A\ Idle tlie 
Jiy(lroNid(N TT)J()li)„, forms salts with acids, it also foians 
salts with the sti’ongest bases. TJu'se are analogous in 
(omposition to the dicliromates, and ha,ve the g(MHU’al 
inriiiula ^I,Th,().. With (ddoi’ine, uranium forms the 
com pounds U(d.„ and and witli oxygen tlu' 

lollowiiig: U(),^, I'dU, XT( )„ and UO,,. 

Oecurrenco and Preparation, -thanium occurs in na- 
tnr(‘ (diietly in tlu' form of the mineral known as pitcl - 
l»leiideor uraninit(>, which consistsof the oxide, Td,( At d 
^vitli a numlx'r of other substances in smalh'r or largt r 
<inaidities. AVhen this is limdy ])owalered and trt'abal 
widi conct'iiti’ated nitric acid, uranvl nitrate, I* < )..(X( 
is obtained, and, by igniting tliis, the trioxidt', UO^, is 
d btdiind. In ordtu- to isolate the metal, the oxide thus 
'btahied is mixed with tdiarcoal and treated with chlo- 
i wdnui the tetrachloridt*, IKT,, is fornuMl. This is 
bum reduced by lu'ating it with st)dium under a cover of 
bi(' molten, chlorides of [xttassium and sodium. 

Properties.- -Llraiiium has the color of nickel and the 
s|MMdfic gravity 18.4. AVheii heated to redness it is oxid- 
i'e'd superficially. It dissolves in dilute acids with 
‘ Volution of hydrogen. 
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Chlorides.— Wlieii elilorino jiets upon finely (liviiL'd 
iiraniuin, the two combine to form the iidriicldoride^ XJCl 
When this is lieated in hydrogen it los«s a 2)art of its 
chlorine and forms the trichloride, U( d, ; and Avdien the 
tetracddoride is treated with chlorim‘ it is partly convcn fid 
into tlie iHndachloride, UCl,. The tetrachloride is tin* 
most stable form. 

Oxides.— The oxide of uranium which is forim'd as tli(‘ 
l;ist product of the action of oxygen on urjinium or tlie 
other oxides when these are heated in the air is that Avliich 
has the composition wld(*h is also th(‘ composition 

of the natural variety. Wlien tliis is treattMl with nitiic 
acid, howeviU', it. is convert(‘d into uranyl nitrati', 
U()j\0,d, which is a derivative of the Irioxide, ld)y 
and when the nitrate is ignited, the trioxidc' is left bt'liimk 
Jly rialmdiou witli hydrogen tln^ trioxi(h‘ is convtu-ted into 
the dioxide, U( h ; a, ml when (dther the dioxide or tlie tri- 
oxide is heated in tin* air, the product ohtaimal is the 
oxide UgO^. As will b(‘ pointcul out below, this is re- 
garded as a uranium salt of ui’anic acid, 

ITranous Salts.— In the uranous salts, uranium acts as 
a (piadrivahmt element, replacing four atoms of hydro- 
gen, as, for exaini)le, in the sul[)hate, whicdi has th(‘*coiJi- 
position l>ut t(nv salts of this order arii knowii. 

Uranyl Salts.~As already explained, the uranyl salts 

are (huivatives of the hydroxide 

forimal by th(^ action of acids, as represented in the 
ecpiations below : 


U(),< 


OH 

OH 


HO 


UO,< 


80 , + 211 , 0 ; 


UO,< 


OH . HO.NO 
OH HO.NO, 


IK) 1 

'O.N() + 


2H,0. 


Ihey are derive.d from the acids by r(?,])lacing the hydro- 
gen by uranyl, UO,, which is bivahmt. — (h'dnyl nitroh, 
UO,(NO,,),, is easily obtaimsl, as al)ove des(*ril)ed, and 
crystalliz('s wadi in lemon-yellow ])risms. — Ifranyl sd- 
phide, U0,(80J, is formed by treating the nitrate with 
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snlpliuric acid. It combines witli ammonium sulpliate, 
iV, l ining the salt U(),(SO,) + (NH.XSO, + 2H,0, whieli 
is difficultly soluble in water and crystallizes in lemon- 
vi'llovv prisms. 

Uranates. — When a uranyl salt is trmited with a solulile 
Jivdi’oxide a precipitate is formed whicli is a salt of an 
acid, H,^U 30 ,, whi(di may he callml diuninic avid, as in 
composition it is analogous to dichromic and disulj^huric 
cicids. 

Sodinni d'nrranate, Na is a fine yellow powder, and 
is manufactured and sold iimhu- the name uranium yelloir, 
Ix'ing used as a ])i<i;ment for coloring glass, ('tc. ~ Amino- 
niuM diuranafe, (NH,),U./)„ is also manufactured on the 
large scale. AVhen it is trmited with a solution of am- 
i/iouiivm carlionate it ilissohim, and from tin' solution a 
salt of the com|)osition L’( ),{('( -f- /JO, crystal- 
lizes out. The solubility of ammonium diuranate in am- 
monium carbonate is utilized in analysis. — The oxide of 
llie formula 11/)^ above referred to may be a uraiious 
salt of uranic acid as represented by the formula 



]\[any uranium salts exhibit in solution a beautiful 
lliiorescence. 
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ELEMKXT8 OF FAMILY YU, GROUP A: 

MANGANESE (Mn. At. Wt. 54.57). 

Genoral.— At tbe close of (Niaptor XII (^vliicli se t ), 
Avliicli treated of tlie (d(‘iii(‘iits of FjMiiily Yll, (liou]. 
]>, or tlie eldoriiie group, rc'fi'i’eiice was made to jii.n)- 
gaii(‘se, and attention was ealltal to tlie fact tliat in s<»iiir 
respects it r(‘send)les cldorine. ^Ilie resem])lanc(' is 
se(Mi in tlie f»n‘ination of an o\id(% Mn./),, and an acid, 
HMnO,, analogous to percliloric acid. On tln^ other 
iiand, in many of its componnds it ]days tlie jiart of a 
l)as(‘-Forming element, and in this capacity it forms two 
series of comjionnds, known as the nidiKfdriOHs and llu' 
!idnKj((iiic com]>oiinds. In the foimnn' the' el(‘ment ap- 
jiears to he bivahmt, ami in the laltivr trivalcmt. d'lic 
formulas of some of the principal manganous com- 
pounds are : 

jMnCl^, Mn(()H).,, jNfnO, i\rn(NO,)„ MnSO,, Mn(H),, etc. 

The formulas of some of the principal manganic com- 
pounds are : 

Mn(0]ln, MmOs, MnO(()lI), KMiKSOPa -|- 1211,0, cX - 

^Jdiese two series of compounds arr‘, analogous iii coni[)osi- 
tion to the chromous and chromic compounds, but, whih* 
th(^ (dirornic; compounds ai’e more sta])le than tlie clun- 
mous compounds, the manganous compounds are moic 
stable than tln^ mangani(^ compounds. ]ly contact wif h 
the air, the manganous arc^ not as a rule converted iuh* 
the manganic (*ompounds. 

(Corresponding to chromic acid, there is a wrwf/eiec 
nciV/, ; and, further, tlie re is the 

acid already mentioned, of the formula llAInO,. An anal 
ogous compound of chromium, perchromic acid, HCrO,. 

(078) 
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js Ix'liovod to be formed when liydrogen peroxide is 
to Jin aqueous solution f)f chromic jicid, l)ut this is 
],y 11,) laejins certain. Man^^anic acid jiud its salts are 
v(M V inistahle, Jind jire rejidily converted into periiuin- 
,.;ii)ic acid Jind tln^ ])erm;in^anatcs. On tlie otlier hand, 
|)t‘r(‘lir‘eiiic Jicid, if it exists ;it all, is s|)ontaneously de- 
,()iiq>os(Ml, viiddin^ oialinarv chromic acid. To sum up, 
thi ll, liotli chromium jind mjin}^;m(‘sc form four classes 
,,f ioiiipomHls. .Hut, \\hih‘ chromium under ordinary 
, iiciiiiistaiices prel’erjibly forms chromic salts and salts 
of (liriiiiiic Jicid, nijini^anese pn'hn’jibly forms imint^ei lions 
salts and salts of jau’manganic Jicid. 

Maii;^;inesi‘ forms ji nnmlx'r of iixidi'S corresiiomlinj^ 
to till' formulas MnO, 'Mn,/).„ Mn,()^, MnO.,, jiud 
(H tliesi' probably the one of the conqiositioii ^lnd\ 
and pi'rha\)S tlnvt «>t tln^ composition Mn.O„ art' coin- 
])oiunls of the othiu's, ;is will b(‘ pointtMl out furtluu’ on. 

Forms in. which Manganese occurs in Nature. The 
))riiiei[)jd natural i*ompound of m;ingan(‘Si‘ is the bhiek 
oxidi' or [ly la )bisit(‘, lMn().,. J>esi(l(‘s this, liowioao’, tlnu’e 
aii' several conqiounds found in njitnre, the principal 
'lilies iadng, hrannite, Mn./).,, hansmannite, ^ln,,(),, nian- 
^^aiiiti*, ^FiiT ),(t )H and rhodocroisite, which is the car- 
l»oiiat(^, M n( d 

Preparation and Properties. — The metal is isolated 
troin its oxides hy hejiting them to ji high tempierjitiire 
^\ith clijircojil. It looks lik(‘ cjist iron, is bidttle jiiid 
liard, .-ind lijis the specific grjivity S. It ("jisily becomes 
"xidized in tlie air, decomposes wjirm water, and dis- 
solves rojidily in dilnh^. jicids. It is used jis ji con- 
st itmmt of sonui useful jilloys, and impjirts certjiin de- 
si uihle })roj)erties to iron, as will he pointed out when 
lliat metjil is taken up. 

Manganous Chloride, MnCb. — Tdiis chloride is ohtjiined 

solution by dissolving jiny one of the oxides (U' hy- 
h’oxidcs or the cjirhoiuite of mangjinese in hydrochloriir 
s<‘id with tlu^ jiid of gentle liejit. Its formation in the 
I'lvjiarjitioii of chlorine from inangjine.se dioxide jind hy- 
diochlorie acid wjis rid’erred to under Chlorine (wdiich 
s( e]. When the solution is evaporated to the proper 
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concfiiitratioii, tlio salt orystallizes out in pink, mono- 
clinic plates of the composition Mntll^ 4H./). Wliou 
the crystallized salt is heated, it decomposes into tlm 
oxide and liydrochloric acid, as so many other chloridt's 
do. Tt foians double chlorides, an ('xample of which is 
the aminoiiinm compound of the forniuhi MnC1.^.2Nl] ('1 
or (NH;X]\[n(1,. 

When manganic hydr(>xide, l\[n(()li),,, is treated in tli'' 
cold with hydrochloric* acid, a deep bi'own-colored solu- 
tion is formed, which is l)('lievi‘d to ('ontain the frirhlo- 
ride, Mn(d^. On standing, liowever, this solution givc's 
oil* chlorine slowly, and when Insated it givc's it oil’ rap- 
idly, and the color change's to pink win'ii only mangan- 
ous chloride is left in the solution. 

PhenoTiu'iia similar to those' just me'iitioned are oh- 
serve'd whe'ii mangane'se dioxide is tre'ated witli In eli’o- 
chlorie acid in the e-old, and it is he'lie^ved that the* 
fef nfcli/oridr, ]Mn(d,, is e-ontaine'd in tlie' solution. 

\\ Idle! the' hi rajlimndr ilsc'lf has ne)t he'CJi ise)lat('el, a, 
solution is e)])taine'el hy tre'ating mangane'se elioxide with 
<*e)nce'nt7'ate'd liyelrollueerie* ae-iel whie-h with ])otassiu))i 
lluoride gives a salt of the! fenmnda Mn 
K,MnF., 

General Remarks Concerning the Oxides.— Hie s(']’ie's of 
oxide's e)f manganese' stremgly suggests that eif the eixides 
of h'ad. i\ranganese, howevei', forms erne oxieh', tli(' 
heptoxide, ]\Ind)^, leer whiedi the're is ne) anahigue among 
tliei e-einipf^unels eif h'ael. T^lacing the formulas of tin' 
oxides of the twee metals side', liy side, we have the follow- 
ing table : 


P]>() 

M)iO 

ri.,0. 

Mn.O, 

PI,/). 


Pl.O, 

Mn(). 




Just as lead oxide wlien lieated is converted into red- 
lead, ?!),()„ so the other oxides of manganese are con - 
vert(!el into the eixide!, Mn/)^, w hen heated, d’his has ak 
reaely beeji seen in the prejiaration of eixygen liy he'atii'g 
the dioxide. In the same way, the oxide, Mn^Oa, lost - 
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eiiougli oxygen, and the lowest oxide, MnO, takes up 
oiiough to form tlie same product ; 

8Mn,0, zr: 2Mii3(), 4 O ; 

Wlieii treated with eu(u*geiic oxidizing agents in the 
|)] t'senee of ilie alkalies, all tlie oxides ai’e eonvin ted into 
iii;iiig:iiiat('s. On tln‘ otlnn* IiMiid, if a Tnangaiiate is le- 
<1 iu'(hI in tlie ])r(‘S('n('e of nn acid tlie tend(nicv to form 
iiiaiiganons t'om pounds shows itself, and all oxygcui ])r('s- 
eiit iji (‘xcess of that reipiii-ed to form the manganous 
vsalt is givim oil. 

Manganous Oxide, MnO, is formed hy reducing on(' of 
tli(‘ higher oxides in a cnrr(*nt of hydrogen. 

Manganous Hydroxide, Mn(OH),, is lornu'd as a white 
]#reci|)itate when a soluble hydroxiih' is addial io a solu- 
tion of a manganous salt. Susjxmded in tin* alkali, or 
ill coidact with air, it absorbs oxygmi, and is converted 
into hydroxide's cori’i'sponding to tlu' higher oxides. 

Manganous-manganic* Oxide, Mn:>Oi, occurs in nature as 
till' miiK'ral hausmannite. 1 1 is formed, as already stat('d, 
hv igniting tin* other oxiih's in contact with tln^ aiix 
When lu'ati'd with dilut(‘ nitric acid, it acts like the coi*- 
O'sponding oxiih' of h'ad, gi\ing manganous nitrate, and 
leaving niangaiH‘S(' dioxiih*: 


Mn,(\ I 111X0, 2Mn(N()p, fHn(b 

It hix'aks down in tin* sa.iiu' way with dilut*- sul])huric 
acid, d ln'scv facts malo* it a[»p('ai‘ probabh* that tin* ox- 
iih' is tlu' manganous salt of normal manganous ac'id, 
^1 11 ( 011 )^, just as minium or re<l h'ad is ix'garded as the 
h'ad salt of normal ])luml)i(^ acid, 1M)(()T1\, (p, 651.) This 


view is expressed hy the formula Mn 




The de- 


composition xvitli acids, as with sulplinric acid, Avonld, 
iiccortling to this, he represented tlius ; 

MnO.Mn, -f- 2H,8(h 2Mn8(). + IMniOH),. 

1 h(* hydroxide thus formed would then break down into 
Ike dioxide and water. 
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Manganic Oxido, MnoO.,, occurs in nature as tlie niir 
eial braunite, and it can Ih‘ made from the otlier oxid,., 
hy ignitin-- tlnun in oxygen. A liydroxide jadah'd t.. 
tliis, and Ijaving tlie com|M)sition iNtnO.OIT, analogous 
tile (.-ompounds of aluminium and chromium of tin- 
iormnlas ^Vl().()lt and ('r().()H, is found in uatiiri', nnd 
is knowji as manga nite. The hydroxide, Mn(()l[), is 
t(*i-m('d wlimi manganous hyilroxidi^, iMigOH).,, is e\ 
]i()S('d in a. solution of animoida in contact with tln^ ;iii. 
and forms a. hrownish l)la<-k powdei’. 

Manganoso Dioxide, MnO,. - -ddds importaid compoinid 
occurs in nature in vm-y c(msid(>ral)h' <juantities, and is 
known as pyj-olusit(‘ or tin* black oxid<* of niangain sis 
It is obtaiin^d artiticially by gvntly ignit ing mar.gnnons 
nitrati*. A hydroxide deri\ed from 1 In* dioxide is ol>- 
taiinnl by tn^ating a manganous salt in alkalim* soinfior' 
Avitli a solubh* hy poehl( oi’ chlorine or lu oniine. d'lic 
cliie! a])[»lica I ion ot ||n* dioxidr* is In tin* [U'(*pai’al ion oi 
iddoriin*, foi- which juirposi* it is us(*d in largi* ipiaiditii ^. 
It r-; also us(mI for ma king ( »xyg(*n, and for tin* |)ur])os(‘ of 
d(*col<)ri/ing glass. In the last pi<)C(*ss a small (pianlit\ 
isaddeil lo tlie inollen glass, J his alone \\( in Id gi\(‘(li( 
glass ail ainelhyst eoloi'. Without it tin* glass would 
he green. ( )in‘ color counteracts the otlnu', and tin* glass 
appears co]orli*ss. As regards the tiction of liydio- 
ehloiic acid upon nninganese dioxnh*, it has Ijtboii sug- 
gested, u]»on the basis o| exjierimental investigations, 
th.it tin* tiist product of tlu' action is a compound I'f 
the formula H,Mn(d,, whiidi is tin* cldorine conijiouiih 
analogous to tin* ox\g(‘n acud 1, If,^i\In() 3 . The action i*' 
supposed to take place as represented in the following 
eipiation ; 

OOli.^O 4- ^ + 211,0. 

'ri](> si]"^'csti()ti is Iiifulc, fiii-Ui<!i', Unit it is tliis coinpoiujil, 
iiiid TKit iriaii^niiicsi. totraclilorido, MnCI,, wldcli hreiik- 
down yield iiij,' elilorine, tlie jietioii taking jdace thus : 

MnCI, = MnCl, + 2HC1 + Cl,. 





'I'll,- iiiniigauons cliloriil,' .-nul some of tbo (•lil.innanguii- 
(.iis ucid tiieii react, fonniiio a coiiLpomid wldcli with 
u.itcr iiiiderodos dccoin)iositioii. Jti r.-ard to tliis sii<;- 
slioii,it can oidy lie said that as yet it is not siiJlicicntTc 
sii|Hiortcd liy facts. The forin.dion of the imstalil'e 
cnni|iound, lUrnCI., aii(iears liiejdy jirolialde, Inovever, 
in view of the condiLct of so many other clilorides in 
the j)i-(‘S('iic(‘ of li ydrofiiloi-if .-u-id. 

Manganites. LJit'i’o art* soint* salts Iviiowai as llie ntan^ 
.l<niifrs^ wliicli art* t'lt‘arly dt^rivtal fi'tMn liyd rt>\itlt*s it*- 
liiltal lo iiiangaiifst* tlio.xidt*. 1dicort‘tit‘a lly tlit* siiiij.lost 
liytlroxidt's of this kind art* llitist* t)f Hk* fortiinlas 
:\Iii(()lI), and :Mn()i()|[y. ^kht. sails art* nol, liow(*vt*»', 
(It ri\(‘d Iroin tht'st*, Init t i-oni nioi’t* foiiij ilina Ind foians, as 
JVMir.O, and ll.Mn^O,,, tin* rt*lalions l)t*t\N ft*]i uliifli and 
tlif sini|)lt'r liyd |•o\i^lt*s art* shown in tin* t*t|iiatiojis 

tiArilOlOHl - I TIO; 

dMid M n ( ) t ( )|ty -|- JdJy). 

Tilt* potassinni salt, K.^Mn O,,, is olitaiiifd w]i(‘m c*arl)on 
(linxith* is condiintt*!! iido a solution t»f jiotassiuni inan- 
.^‘■'■intt*. I'urfht*!’, a salt o] (lit* foni [nisition l\H,,Alnd)jo 
loriiit'd as a lirown insolnlth* jiowdt'i- l>v lioiling tJie 
‘‘llitf manga idtt's with polassium hytiroxidt* tir car- 
l'"iia(t'. 

Weldon’s Process for the Pogeneration of Manganese 
Dioxide in the Preparation of Chlorine.— ldidt*r tin* ln*ad 
'’I t hhu'iin* (^^ lilt'll st*t*), W t*ltlon ,s jii'tu'tdss u as r('ft*rrt'd 
I"; hut as a satisfartory t*x])laiiallon t)[ tin* wtirkiiigtif tin* 
I'rot't'ss eoultl not Dt* givt*n without th'aling with somtt 
I’lllit'r ('om])li(‘att'tl coin jMtninls of niangaut'st*, a fuller 
;“'<<)uut was ])t)stpoued until tliest* ('oin])ouiids should 
l|' taken U]). Idie tdijeet in vit*w is to utilizt* the wastt) 
litiaors from the ehh)rin(‘ fa('toi*i(*s. Wdien mangant'st^ 
'l>"Nid(‘ is treat(*d with liyt]i’oc]ilt)rie acid, as wo liave seen, 
iiigujiioiij,. (dilorido and chlorine are formed, according 
I" the e(|uation 

MnO, + 4HC1 = MiiCl, + Cl, + 2H,0. 
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The manganous chloride was of no special value imlil it 
was showii that hj a coiuparativoly simple method it ( mu 
bo converted into a compound which witli hjdroclilorir 
acid gives chlorine. When it is treated in solution with 
lime the corresponding liydroxide is precipitated : 

]\riiC], + Ca(()H), Mn(()H), + CaCl, ; 

and when tliis liydrnxide mix^'d with lime is allowed to 
stand exj)os(‘d to tln‘ aii‘ oxidation lakes place, and a 
compound (hahMnO., or (hiM nd),, is fornuMl : 

Mn(()Hh |-(hi(()Ki., 1-0 = (hOlnO^, 1 t>Hd); 

2:\lnd>li), + (hdOJI), d- -dO - ('aAlndh, I dlldk 

Tlu'SC' roinponnds give (ddoi iiie w Inm li(‘at(Ml witli li\(li\)- 
<dil(nic acid. I h('\ nia\ indot-d l>e I'ognrded as eoiisist iiil;' 
ot lime and manga noso dio\ ido,( 'a( ). M n( ),,a nd (ha( ).li A1 id) , 
and the action ol liydrocddoidc* aci<l taivt's plac(‘ llins: 

CaO.AriiO,, -i rdici r_.: Oatd., + :\rn(d.. -| diJ,o | (d,; 

CaO.^MnO, d- lOHCl - Ca(d, d^ d ]- -^1,. 

In ])raetiee, tln^ wash'. li((Uor is niixcal with caleiiiiii 
carbonate in oi‘d(*r to jimitralize tin' acid. Al’tm* sidtliiiis 
lime enough is addcal to |)r(‘<-ipilate the manganese' as 
hvdi()xi<le, and to foimi with this a mixtiin' in molecular 
pro j)ortions. Into this niixlnre st<‘am and aii‘ arc* jtassod, 
wlioii the oxidation la'hnaa'd to tak('S plac(‘, and cahhiiin 
nmnganite is formed. 

Sulphides. — Wlnm a, solution of a manganous salt is 
treati'd with ammoidum snlphidig a th'sh-coloia'd gii - 
cipitate, whiidi is thought to 1)(‘ the h ydrosiil phidc, is 
formed. A\ hen this is c^xposcal to tin' air it turns daid 
in (‘onse(jU(‘nc(i of oxi<lation ; and if allowed to stand m 
tln^ liquid, if this is (*oncentrat(Ml, it turns giaam ami hr- 
(a)mes crystalline, d’he product thus fornnal is man- 
ganous sulphide, IMnS. '^^riiis also occurs in natiirt' 
alabaiiditc'. A disulphide, dlnS.., corresponding 1" 
the dioxide is also found in nature, and is known ^ 
hauerite. 
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T.Iaaganoiis Cyanide, Mn(CN)., in comiI jination witli po- 
or sodium cyanide as lln^ (‘ompounds 
.\}iCSnvK^^\n{CSvA<ini]^ln(VS).J^ 

is foriiit'd l)y tiaaitinj^' solutions ot manganous salts with 
I )( itii ssi 1 1 1 1 1 *u Sodium c^N a 1 1 1 1 1.1 ‘s. A\ Inm <*\p()S(‘(l t() tlio 
(ir wIk'Ii tlie solutions are hoiled, salts of tin' foriiiidas 
i\Ii,(('N» .oKCX or K.Almt'Xi^ and AI m ( 'X i .:;Xa( 'X or 
y';i Mil ( 'X ),. a I’e f( H'liM'd. 

Manganous Carbonate, MnCO:., is found in iialuiagaud 
is j)r(‘ci|iilai(Ml when a solution of a uiaiigaiious salt is 
livatfil witli a solulilo carlnmate. 

Manganous Sulphate, MiiSO., is fovnual 1»\ heating tlie 
oxiilrs uf mnu^nucs,. with r.Hi.M.iiliidi'd siiljdiurir h-hl. 
ll liiaii'V iiMdcs lh;ui niaii;saunus oxi.lr ai'c \isial, .,xy-cu 

is^ivi'u off ; ‘ 

AluO I ir,S()^ -XlnSO, ! 11,0; 

AtirO, I t>li,SO, ^2MnS(), (-2H.,() -| (); 

MnO, 1- H,SO, : MnSO^ |- [{,{) ..j. ( )/ 

If » 1 \ st a 1 1 iz('s at l(>w l(‘iu prraturc's with s(‘\('n molecules 
• 't water, and at oialinarv tmuperatuivs with five, in this 
nsja'ct i-(‘S(UiiMiiig cupric sulphate ('whi<*h see). Tin.' 
‘-ait of tin' foimiiila MuSO, j 711,0 forms brigh t-ianl 
mniioclinic |)risnis ; whih' that of tin' formula ArnSO^ j- 
•'11,0 forms pink ti icliiiic crystals. Ih'twm'ii ‘JO ainrol)^ 
It forms monoclini(‘ prisms with four luoh'cules of wati'r. 

Manganic* bulphato, is foriiit'd w In'U tin' oxithd 

hn.O^, or the tiin'ly di\id('d jiia'cipitab'd dio\id«', AlnO.., 
is ti-('at('d with sulphui-ic acid at not too high a ti'iiipc'ra- 

Ft loimis a. dark gri'i'ii a inorphous powdei’, w hich 
'asil V (|,M'ompos('d byln'.-if and by water. ^^dth tin' 
siil|)hat('S ot tin' alkali nn'tals it forms salts analogous 
th(' alums, as K AlmSOg, } i JIF.X) and X' ll^AI m S( V,„ i 
1 - 1 1 ( )^ i 11 w hi<‘ h ma nga ucse takes tin' plac(' o t aluminium. 

I Ihs tact makes it appi'ai’ j u’oba bh' t hat in tin' manganic 
''"iipouuds maiigain'sc' is lri\ah'nt, as alumiidum prob- 
‘‘i'iy is in its conijiouiids. 


ef 

ill 


Manganic Acid and the Manganatos.-^ AVln'ii an oxide 
">aiigain‘S(' is tn'atinl w ith an ('n<u-g('ti(* oxidizing agent 
die presence of a strong Irise it is convei t(‘<l into a 



686 


JNOmANIG ClIKMISTRY. 


aiiaiigaiiate, just as tlie oxides of cliroiniuia jire ('oiivei t< ii 
into ehvoiiiates and the compounds of sulphur into sul- 
phates. d1ies(^ tlivee classes of compounds are aiiulo- 
goiis as far as the composition is concerned, as shoA\ ii l»v 
the formulas 

M,:\rn(), M,CrO, ]\r,S(), 

3l:uiKaiiute (.'liromatt! Sulplitite 

The maiignnates ar(‘, hoAvever, (piite uustahlo excc'pt in 
alkaliiK^ solution, and ^vhen I ln‘\ decoin j)os(^ the\ toi ni 
th(‘ perinanganat<‘s. — Rohtssi n m. ittmujit natv, K,,^ln(),, is 
foi ni(‘(l hy fusing JiningaiH'Sci dioxitle wit h potassium h\- 
droxidi', when, if the ail' is not in eontaet with the muss, 
the I'eaction takes jilaee as r('pr('sented in the equaliou 

d.Afnt ), I- ^KOn --- K.^rnO. | I 

Tt is }dso nia(h^ hy fusing tin' di<)\id(‘ with potassium ]i\- 
droxidi' and |)ota.ssiuni ehloratc*, when this reaction takes 
places : 

:mn(), + OKOH + K(d(), ^ dlv.MnO, + K(d -|- 'hli,0. 

A\dn'n tin' mass olitaiin'd in eitlnu' way Is treated with 
water a da i'k-gre(‘n solution of the manganati^ is formed, 
and hy allowing this to (‘vajiorate at (he ordinary teiii- 
])eratiir(' in a partial vacuum, or in an atniosjihere her 
of oxygem, tin' salt is ohtaiin'd in small c'rystals, w Ideh 
are almost black. \\']n*n a solution of a inanganat'' is 
treated with an acid, tin' manganic* acid is at once dc'cem- 
posed into pc'rinanganic acid and manganese dioxide*; 

:iH,:yrnO, =. t^ii^rnO, |- MnO, + 2 H,o. 

The change of a manga.nat(^ to a pf'rnninganale is < 1- 
fected simply hy passing carhon dioxide into the sohi' 
tion, or hy lioiling or allowing the solution to stand m 
the air. Tln^ change liy means of carhon dit)xide is re] 
resented hy the ecpiation 

8K,MnO, I- 200, 2 K,C 03 + MnO, f 2KMnO,. 
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\Mi}i water tlie change takes place thus ; 

r= ‘iKJVtnO, + MnO, + 4KOH. 

'^I'he potassiiiiii li> droxhh) and the niangaiiese dioxide 
n act upon each other to form a mangaiiite of more or 
]t‘ss com})licated (composition. A\hih‘ ilie manganates 
;ii(' d<‘comj)osed l)y acids, forming permanganates, the 
]:itt('r ar(c de(*omposed ])y alkalies, foianing manganates. 
Tims, wlien a solution of potassium permanganate is 
])(>iled with ])otassium liydroxi(h‘ tin' color iTianges to 
j^rccii, owing to tlie formation of tin? maiiganat(' : 

2K()H + 2TxMn(), = 2K,.Mn(). f- Up | <>■ 

This change takes place readily iji tin' ])r('sen('(? of suh- 
stniicccs which hav(? the pow(‘i‘ lo take' n[) ox^g('n ; l)nt if 
siuTi substances ar(‘ pri'seiit tin' reduction goes furtlier, 
i'ortiiing tinally a manganite which is a (h'rivative of tin' 
liydroxi(h', ^AIn( )i ( 

Pormanganie Acid and the Permanganates. — TTie sim- 
])li'st method of obtaining tin* p('rmanganates is by <le- 
(•oin])osition of tin* manganat('s, as descriln'd in the last 
paragraph. 

Potassium Permanganate, KMnOi, is manufactured on 
die larg(? scale \)\ oxidizing manganese dioxide in the 
pii'sence of a base*. Soiin't inn's the oxidation is etVect('d 
hy the ox^g■('n of tin? air ; sonn'times by tin* action of an 
oxidizing agc'iit, as |)ota.ssium chlorate or nitrate. The 
liiiidann'iital rc'aelion in each case is that represented by 
til ('(juation 

MnO, I 2K()H d O r : K,Mn(). + H,0. 

As will be obs('r\'ed, it is a ri'action of tin* same kind as 
dint involved in the conversion of a sulphit(? iido a sul- 
I'liatc. Probably tin? first action of the hydroxide upon 
da* dioxi(h' consists in tin? formation of the manganite, 
K AfnO,,, and this is then oxidiz('d to the manganate. 

Ik'U ttn? solution of the manganate is treated with sul- 
I'linrie acid a change similar to those referred to above 
takes place, and the permanganate is formed. The salt 
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is easily S()liil)le in water, and is dt‘|)nsited I’roni its S(»h|, 
tion in crystals, isoaioi'plious witli 2)()tassiuni jx'reliloiaf,^ 
wliicdi a})pt'ar nearly black, with a g'reenish lustr(\ Its 
solution in wat(‘r has a [)nr[)h» or J’eddish-pnr 2 )l(‘ cojor 
ac(*ording to the (*on(*entration. A ery c‘oncentrat('(l sola- 
lions a[)pear almost black. Tht^ salt is used exteiisi\ d v 
ill the laboratory and in tiie aids as an oxidizing- a'-cni. 
its* atdion Avill be readily nmh'rstood from what Ims 
aliwady lieon said in rt'j^ard to tin' condnet of inaiiLtaiu st' 
towards acids and towards alkalic'S. AVhmi tlu‘ })('i iiiaii- 
j 4 ;anate und<'r^o(‘s (h'compositiim in th(‘ presence of an 
ae id till' niaiiLfa nes<‘ tinids to Idi in a nian^aiioiis sail, and 
all the oxymm j)r('S(nd. in (‘\c(‘ss of what is iKHah'd ini' 
this [)iirp<)se is ^ivmi oil. d'hus the d(‘coinposition \\i(li 
siil[)huri(* acid tak»‘S place' as repre'senti'd in tin' e(juali.*>ii 

‘JK^tnO, I Mil., SO, 2MnS(), | Iv.SO, -j MH/) 4 dO. 

Mdn'ri'fori', whi'ii polassium ])erman^ttanat(‘ is uscmI as an 
oxidizini;' ajj;ent in aeid soliilion, two nioh'ciih'S of tli(‘ 
salt lxMn(), ^ive live atoms ofoxyj^i'ii. ( )n the other 
hand, whmi tin* action tak<‘s placi* in alkaline solution 
tin' aedion reachi's its limit in a manj^.a niti', whiidi, for 
]nirposes of ea lenhition, ma \ be ri'^a rded as ha x i lie,’ I In 
com])osition iv. AInO,. ddi(‘ first idianj^e is from tin' pm- 
maiioaiiati' to th(‘ inaiij^a nat(' as re'prisse'iiti'd in tin; (Mpia* 
tion 

2KAIn(), 1 2K()1[ - 2Tx\Arn(), f 11.0 + (), 
and then the manp;aiiat(‘ losi's anothi'r atom of oxygen, 

2K,Aln(), 2K,.ArnO, | 20. 

Then'efore, wlien tin; pe'rmaiiganate is used as an oxid- 
izing agent in alkaline solution, two molecuhes ol tim 
salt \ i('ld three atoms of oxygen. 

ddn; permanganates and maganah'S an; valiiabh' di^- 
iidceding agi'uts, and tin; sodium salts are exti'iisiv* Iv 
used for this pur[)ose, umh'r tin; iiann; of (Umth/s hV/ee/. 

Wdien a solution of barium jn'rmanganate is tri'al' d 
with sulpliuric acid, free jiermaiiganie acid is obtaim d 
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in It extroiiioly unstable, and decomposes 

sp()iit:iiH'<>ii^b’ 'vlinntlio solution is e\pos(;d to the light 
of is heated. When dry })otassiiim permanganate is 
■i(l(l('d to concentrated sul})hnric acid, oily drops sep)a- 
ratc and collect ii[)on tlie bottom of th(‘ vessel. Tliese 
‘i]:q Itrptoxuh^ Mn,/)„ which is 1‘ormed tlius: 

‘2KMnO, - K,S(\ 1 Mn,0, lip. 

TIk' compound bears to permanganic acid the relation 
uf iui anhydride : 

‘2ilMnO, -- Mn,(), + Hp. 


is extremely nnstabh', giving olV oxygen with great 
(':is(', and tlno’efore acting as a ])owevfnl oxidizing iigcmt. 

As la'gards thi‘ constitution of tln^, maiiganait^s and 
])crmanganat(‘S, they are r(‘sp(M‘ti V(dy i’(‘ga,rd(‘<l as anal- 
ogous to the sulphates and piurldoi’ates. Accord- 
ingly manganic acid is repres(Uit(‘d by the formula 
() 

no -Ain -OH or ArnO,(OH)„ whih‘ permanganic acid is 

II 

O 


o 

lopresented by the formula O — Aln-OH or AlnO.,(011). 

II 

O 


Reactions which aio of Special Value in Chemical 
Analysis.— ddie conduct of manganous salts towards 
soJuhle hydroxides and towards sdnhle c<t rbonttfes has 
Ikmui describcal. Tin* hydi’oxide is soluble in ainmojiia 
and animonium salts, but this sol ution turns brown wlnm 
<‘X])osed to the air and the mangaiu'se is gradually pre- 
cipitat(Ml as tlu^ hydroxide* AlinOH).,. 

riu^ conduct towards mn monunii sitlphidc has been 
<l(‘scribed. When oxidiziny ((gnifs liki^ In/ pochlordrs^ 
^'lilorine^ or J)romi)if’ act u[)on manganous salts in solu- 
tions in presence of solubh* hydroxides, hydroxitles cor- 
i<‘Sj)onding to the dioxich' AlnO„, such as Aln(On)^, 
hnOpH)^, are precipitatiMl. Instead of the above- 
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ineutioned oxidizing agents , perinaiKjanafc ]))a\ 
1)6 used. 

Tln^ aetioii of potassinni porniangaiiate and inangaiiatt' 
as oxidizing agents wlien nscal in alkaline and in acid 
solutions lias been des(*ribed abovi'. 

Manganese is easily detected by lieating tire siilisiaiicr' 
under examination Avitli intric (icid and lead pero.riilr^ 
\N lien pernninganic aeid will Ik' formed if manganest' is 
pri^sent, and its formation will lie shown by the pnr])lc 
color of the solution. 

With 7nlcrocosniic s(df and horax manganese gives an 
amethyst-colorml land in tln‘ oxiilizing ilame, whii li 
becomes colorless in the reducing tlanie. 



CHAPTER XXXIII. 


ELE.>rENTS OE EAAriEY VI 11. SITE-GROUP A-. 

1 uo N — CORA r/r— N I c ke i.. 

General. — Tlio three elements wliieli form this group 
;ir(' in iminv' r(‘S])e<‘ts \(‘rv similar, ami thei]’ atomic 
weights (litter hut little from om* aiiotlnu'. ^Fhat of iron 
laa.C) is nearly the sann^ as that of mani;am‘se. (o l.oT i, 
while cobalt ainl nickel hav(‘ m'arly tln^ saiiu' atojnic 
^\^'ight. '^^riiere is much in iroji which sngg(‘sts manganes(‘. 
It I'orjus two s(‘ri('s of compounds, tin* /c/nv>//,s' and /c/nvc 
compounds, which aia* analogous to the majK/anous and 
iii(iii(f((ri{c compounds. In tin* llrst s(‘ries iron appt'ars to 
l)e bivalent, as shown in tin* formulas 

be(d„ re(OH)„ 1A*0, FeS, FeS()„ FeCd),, etc. 

In tln^ second seri('s it appears to be ti'ivaleiit, as indi- 
cated in the formulas 

I’eCl,, re(OH)„ l''o(N<»,):„ Fc,(R(X)„ etc. 

Fiike chromium and manganese it also forms an a(*id 
known ferric which in composition is 

analogous to chromite aanl nnuiganic acids. The soluble 
suits of this acid are, how(‘ver, nnstal)le, and on deconi- 
pesin^ yield ferrit; hydi-oxide. ( )\idizing agents rt^adily 
<■' invert f(‘rrons com])ounds into leiu’ic com]n)unds, and 
it'diicing agt'iits reconvert the latter into the fornn'r. 
Winn (‘xposed to the air most terrous C(ampoiinds are 
oxidized t(^ ferric compounds, ddie ferrous compounds 
Til which iron is bivah*nt are similar to tlie comjnninds 
’it the zinc group, ddie ferrite compounds, however, in 
Tvliich the iron is trivalent, are similar to the aluminium 
’■"inpoumls ; and in h'rric acid it exliiVrits a resemblance 
h> chromium. Cobalt and nickel resemble iron in re- 

(oni) 
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spect to tlicir power to form two series of eompounds 
eorrespoudiiig to the ferrous uiid ferric coiiipoinKls. 
Both elements prc'ferahly form compounds of tlie lower 
s(‘ri('s, examples of which are represented hy the for- 
mulas 

(\>C1, Co(()TI), CoO CofNO,), OoSO, etc. 
NiCl XnOHh KiO lSd(N(),X (de. 

(d)l)alt forms a feAV compounds corres2)ondin^ to IIk^ 
fei'ric s(n-i(^s ; and idckel forms a hydroxide, of the foi- 
mula NiiOK)^. A\ Idle tln^ ])ow(U‘ of cobalt to form (‘one 
])onnds in which it is trivalent is much wc'aker than that 
of iron, it is stron^(‘r than that of nickel, the lattcn* lamio 
almost ex(dusiv(dy bivalent. In ‘j^cnieral t(‘rnis, it ma\ Ix^ 
said tliat Jnan^am‘se f( »rnis a j^naater vari(*ty of com [)oniiih^ 
than a!iy otinu’ (dcnm'nl ('xia^jd carbon. In tin* manganous 
compounds it (exhibits analo<;ies Avith zinc, co|>[)('r, and 
sonn* other ()ivah'nt (dements; in the manj^anic componnds 
it ('\ liibits analo;^ies wit li ainndnium ; iji maii;^aidc acid it 
sni:;t;(‘sts sul])hnr and chrominm ; and in p(*rman^aiii(‘ 
a(‘id it sn<.;xrpsts (ddoriin*. in the folloAvin^ tabh* soiiif 
of tin* analoj^ies Avlii(di aia*. ])lainlA' disc(‘rnible betAvca ii 
tin* (‘lenients nientioin'd, and iron, (*obalt, and ni(dod, arc 
indicat(‘d. The formulas of those compounds Avhich arc 
not easily obtained, and are exceptional, are put in 
brackets : 


MnSO, 

[.Mll.dS( ).,)n] 

MnOg 

K,.Ma()4 

KMnO. 

[CrSO,] 

('r,(S(>.,)3 

Cr()3 

K-d rO, 

[lU’rO 

FcSO, 

( 'cS( ) 1 

Cc/SO.h 



1 K.FcU.J 



[Ni(()ll)3l 

__ 

— 

. 

— 

A1,(S()..)3 




— 

ZnSO* 







— 


— 

SOa SOa 

K.SO* 


— 





— 

K(1()4 


As regards the (duestioii whether the formula of tin 
simpler ferric, compounds is to l)e written Avith two atonic 
of iron ill every case, it is in much the same state as tlic 
question in regard to abindnic compounds. Is ten i* 
chloride Be(d.^ or FedJl/? A determination of Ik' 
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s|i(M-itic gravity of tlui vapor gave a result iu aecordaiu-e 
with the larger formula, l)ut this would not appear to he 
sullieit'iit evidence in vic'w of the peculiar results oh- 
iaiiu'd with aluminium chloride. (\)nsid('ring the close 
vi scinhlaiice hetwecm ferric connionnds and llie com- 
pounds of aJnmininm, it se(mis proliahle thai, if aln- 
iiiinium is trivaleiit, iron is also trivalent in tlies(‘ (*oin- 
pounds. The (niscMvith which h'rric chloride forms com- 
ponnds with other chlorides suggests, further, that the 
loiiiponnd of the simphn* formula may cojuhine 

with another mohmnle of the sann^ kiml to form a donhlo 

cldoride of the formula he/l^ or Fe:Mhh) hk'. It may 

l*e ol)jected to tliis that it is not prohahh^ that such a 
compound c<)uld bci conv(*rted into vapor witJiont under- 
going decomposition, and, according to the one (h'lermi- 
jiatioii of tln 3 specilic gi’avity, it do(‘s not a|)[)('ar to 
nndej'go (h'com [)osi(ion. \\ liat value to altacli to tliis 
ohjeclioii it is impossible to say at ])jesent. In any case, 
a fni’tlu'r kno\\h‘dg(‘ of the facts is innMled bi'toia^ a tiiial 
conclusion can Ix' reachml. In the mean timt‘ it semns 
to !)(' justiliable to consiiler iron trivalent in lenh* coni- 
jionnds, as idumininm is considi'rml trivahnit in its com- 
pounds, chromiiiin in chromic compounds, aud manga- 
JU'S(' in maiiganii' compounds. 

riiat iron is bivahmt in ftoaous (*ompounds is probable 
ti'oin tln‘ analog’N^ of tiiest' comjionnds with tin' distincily 
hivahnit imdals, like copp«u’, zinc, (dc. I'ui thei', a (h'lm- 
inination of tlu‘ spm-ilic gravity of tlu' vapor of terrous 
chlorides gav(^ a tlgure which indicalml that tin' vayor 
l oiisisted of about an eipial number of mohunih's of tln^ 
iorinulas held, and Fed d,, so that it ap]H‘ars that at a. 
lower tejiiperatiua^ the com]>ound has tin' formula bed 1,, 
and that the compound bi’eaks down or dissociati's, torm- 
iiig the simpler compound, ddiis subji'ct reejuirc's fuidher 
in vcistig.ation. In the nu'an tilin' the simph'r tormula will 
1"' used, a-s it ])robal)ly repri'si'iits the cln'inical nioh'cuh> 
that smallest particle of the compound which conn's 
into })lay ill chemical reactions. If iron is bivalent in 
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ferrous com2:)ouiuls, tlien in all pr()l)al)ility cobalt and 
nickel are bivalent in their princi2)al coni2)oiin(ls. 

Tiiox, Fe (At AVt. 55.0). 

Introductory.— The iin[)ortanc(‘ of this metal to maio 
kind can Inirdly be ov(‘restiinat(Ml, and for nian\ crn- 
tnries it iias played a commandin!^ ])ai“t in tlie industries. 
It reipiires little thought to convince oik' that without it 
the (‘arth would ([uite a ditVeianit ])lac(' from wlial it 
now is. in the earlic^st ixulods of history nudals wa re 
blit litth‘ used, as but few of tlnun are fui-nislied laaidv 
for use by natui'e. Stomas wtuaa theiad'oia' tirst us('d,aii(l 
tln'S(' wane shaptnl into a variidy of im|)l(umnds, niaii\ of 
w'hicli still exist, and furnish evideina^ of the Stom^ Age. 
After a time cop 2 )»*r and tin w (']•<' nsml in tlie form of afi 
alloy or bronz(‘, as coppei- is found in natui’e in the fii'c 
condition. During this jieriod, known as the Dronzi' Agi', 
stone im])lements gave wav to thos(‘ madt* of bronze. 
xVftiu’wards nnm hnarjied to <"\tra<*t iron from its oi‘('s, 
and tlie Iron Age was inti’oduced ; and this lias contiiimal 
up to the })r(‘S(Uit, as notliing has sinc(‘ bian found which 
can ailvantageously take thr^ [ihice of iron, ddn^ sugges- 
tion has IxMUi made that as it is li^ss dillicnlt to ('xtiact 
iron from its oiaas than to maki' bronze, possibly iioii 
was used as early as bi'onze- piuliaps marlim-, but that, 
owing to th(^ fact that iron masilv rusts, iiiijilemeiits of 
this metal havi; disappearml, whih‘ thosi* mmh' of broii/c 
remain intact. 

Forms in which Iron occurs in Nature. Iron occurs in 
small (|uantity nativ<‘ in nndmiiiti'S, in tin' basalts of Jh> 
hi'mia and ( iia'i'iiiand, and in some gabbros. I he iroii 
meteoriti'S always (aintain niclod, and fic'ijm'iitl v small 
(juaiitities of othf*r elenn'iits, as mangaiuisi' and carbon, 
(hunjiounds of iron occur in (‘iiormous (juantitii'S, and 
widely distriliuted in tln^ ea.rth. Among the more inn 
portaiit aia; the followdng-named : hematite, Fe,^0., ; mag- 
netite, Fe 30 , ; brown iron ore, Fe/) 3 (OH)„ ; siderite, or 
the carbonate, FeCA)^; jiyrite, FeS,^ ; pyrrliotite, Fe,S . 
rt is also contained in many silicates in small (|nan 
tity, and in consiujiience of the disinti'gration of tin 
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ilueiits of rocks it is foiiiid in tlic soil, and in ninny 
iiiitnrnl waters. In tlui vci^ndalilc kin^nloni it is always 
fainul in (‘ldoro])liyll, Jind in tli(‘ animal kinj^nloin always 
111,, blood. Idle compounds wliicli an' eliii'tly nsi'd 
],,i' the purpose of makinj^ iion, or tin* iron oi»‘S, an' 
]ii;(nii;'tite, Fe.O^ ; li('malit(‘, ln',()., ; krown iron oi,', 
p,. ( V(< III ; and spathic iron, or sideiite, l’e('().. 

Metallurgy.- Hu' ovi'S of iron, after tlu'V are kvokeu 
i]|., ar(' first laaisted, \u ordi'r to tlrivi' off wati'r from tlie 
li\ dioxides •, to decompose cartionates ; to oxidi/.t* snl- 
yiiidrs ; and, as far as possdde, to convert tin' oxides 
into fi'vvu* oxidi', ked).,, \vld(‘h is tin' most ('asitv n'- 
ilucdde of tlni oxides of iron. After tin' ores are pri'- 
pan'd in this way tln'y ai‘«‘ reduci'd hy in'alin^’ tln.'m with 
(^trhon and fluxi's in tin' blast- 
fiiiiiata'S, win'll tin' iiam collects 
ill (he moKi'ii condition umh'r 
lli(' S()-calh'd slag a( (lie bottom 
Ilf the furnaci'. lllast- furnaces 
iliffi'i’ somewhat in cons( rm-tion, 
but th(' ('ssi'iitial pa.ids aix' n'p- 
I'esi'idl'd ill Mg. 1 I. 

riie itiih'r ca\i(y of (In' furnaci' 
is narrow' at tin' top and ho(- 
tiuii, as is shown in tin* (ig- 
iin', hh rough pipi's, known as 
f/ii/rtrs, smdi as that n'pres«'n(ed 
at (Ji(' lowi'r par( <'f tin' b'ft- 
liainl sid(' of the ligmx', all- is 
blown into tin' fnrnaci' to facili- 
( ate the comhnstion. fii modern 
ill maces arraiigenn'ids ari' mado 
above for c*arryiiig olf tin' gasi's Fm. h. 

-nid utilizing tln'in as tiiel. Tln> inner walls ari' built 
"t (ire-bi’icks, and these are surrounded hv ordinarv 
i'licks, or stone-AVork. Tin' furnace's varv in In'ight 
tiom 25 to 80 or 90 tect, an ave'ragt' In'ight lu'ing about 
b) h'et. The reduction of the ores is a.ecomj)lisln'd hv 
I'kieing in tin' furmuai alternating layers of colo' or 
‘harcoal, and the ores mixed xvitli proper tliixes. The 
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nature of the ilux doponds upon the ore. If this (•( i . 
tains silieon dioxide or elay, lime is added; 
if it contains considerable lime, minerals rich in sili- j,' 
acid are used, such as felds|)ar, clay-slatf^, etc. 0 in' 
')bj(M*t of tli(‘ flux is to loiin a sla.t,^ in which the re- 
duced iron collects, and by which it is prot(‘cted IVom 
oxidatioji. WduMi th(‘ tlr<‘ is onc(‘ starbal in a bl;isl- 
fnrnace tlie ojaMation of reduction is continuous unfil 
th«‘ fnrnac(' is l)in-n(‘(l out. Alt('i-nnte ]aT(n-s of oiv ;,||,| 
tlu\ and caibon aJ(‘ adihal, aiel, as th«‘ rc'duciMl iion (ol- 
li'cts Ixdow, it is from time' t(» tini(‘ drawn off and allouc] 
to solidify ill moulds of sand, ddie ojxnalion re(juiivs 
ch)S(‘ att(‘nti(tn. Tln^ <n-<'s must la* (‘aivfnllv studied, ami 
the naturir and atnount of ilux ri'milaied accordin-j 
to tli(‘ (diaract(‘r of th(‘ oiy' as abov<‘ stattal. ^hheu, 
too, the tmiijierature of th<‘ fui'iiace is a niattcu’ of im- 
])ortaiice, and must la* walcdnal, and re-ulabal ])v means 
ol the blast, ddie ivdnction is lar-viy acconi plishi'd 
by caibon monoxi(hn In tln^ lower part of tlu'furmKv 
th(* iiK'l burns to carbon dioxide, bul lliis comes in coie 
tact with hot carbon, and is tinui induced to tln> iiionox- 
ide. I he hot monoxide' in (‘ontaed \\ith the' oxide's oi 
iron reduces tliese', ami is itse'lf I'euive'rd'd into the* eliox- 
'de. A larye' propeutioii ol the' carbon monoxide, ho^\- 
e-ve'i', ('se'ajx's oxidatieui, and this is carrie-d e)!!' from llie 
to|» o! the lurnace' to the' bottom b\- j>ro])e'rl\' arraiiyed ' 
]»i|a's, and is tlie'ii utilize'd as fiie'l. A furnace' lasts from 
two te. twe'idy years, and some'time's loneen-. 

Varieties ot Iron. Idle iron obtaiiie'd as above' ih - 
se ijia'd is l\n<)\\n as or m,s7-o‘o//. Lt is \t‘r\ 

imjeuie', e'onta inini^ cai’bon, ])hos])he)rus, sulphur, silie'oii, 
e'te*. It, will'll drawn from the* furnace*, the* iron is e-ooh'd 
rapielly, m arly all the* carbon cemtaiiu'd in it re'maiiis in 
(dn'inical eauiibi nation, and the* iron lias a- sil\ e*r-\\ hili' 
e-edem. I his luodued, is known as irhifr rusf -i roti. Jf lla 
iion cools slowly , most eif the* carbem se'parate's as ‘yraj)li 
ite*, and this b('inj_^ elisti’ibute*el threuij^h the* mass oive s i' 
a ^lay cedor. I his ])re)due*t is kue>wn as (fray <‘((sl-i r<>r. 

If thee ore* e-ontains consie|e*i*a,l)lee maiyo'aiie'se*, this is rt - 
diiced with tin*. ire>ii, aiiel ire)n maeh*, fre>m suedi eue^s am 



VARIETIES OF IRON. 


Gy; 


mangaiioso Las tlie po\\(M- to taLo up more 
HiaJi ordinary iron. Tliis product, (‘outaiiiiiig 
fioiii ->.d L prr coiit coiiiLiiUMl <*arl)on, is known as 

sj)i(‘<i(Fi ro)}. 

All \;ii it‘ti('S of cast-iron ar(‘ Lrittlc*, und fiisiLlc. 

J'Ik' L;i'a\ iron fus('S at a lowio* porai n ic than tlio 
wliiti', and is not as ])rittU‘, ; it is tlicmfoia' woll adaptial to 
iii;ikii\|A (‘astiw'^s. Lini casi-ivon is treated witL livdro- 
^■lihaic arid ttie. caid)ou \vt\ieli is prestnit in coiid)ined 
fonn is '^ivioi off in eoniLination with hvdiax^t'U as hy- 
,ir.)r:o't)ous, soinO of whicL hav(‘ a dlsa:j;naad.h‘ ndor. 
This is, of eoursts th('. caus(' of tlu' t)ad odor notiei'd in 
hissolviiej; ordinary cast-iron in acids. TTie unconilhin'd 
or L;i‘a[diiiic carbon, on tin* otlnn* Land, remains nndis- 
so 1 \(mL ()\vinL;’ to its brittli'Uess, easi-iron eaiuiot bo 
''‘ Idl'd. \\ limi tins earlxm, silicon, and ])Los|)]Lorns 
rmnovi'd tin' ii'on bi'conu's long’ll and nialh'abli', and 
ils iiK'i t in<A-poi n t is imicii I'aised. TTk' product tlnis ob- 
(aim'd is know n as trroiKjhl -i nm. 

\\'r()ui;lit -iron is obtaini'd from east-iron by 
(lie jmddliiuj^ process. 1 Ik' [nnhilinp,' furnaci' has a ilat, 
<e;d In'arlh, and low archcil I'oot. d he sides of the 
lii ai thare lined w ilh a lawei'ol' iron orc' (oxidi* ). ('oal 
is ImriK'd on a ij,ralc am1 the llamc pa>>s('s into tlu' Inr- 
at OIK' (‘ 11(1 ami out at (In' ofln'i*, thus coiniiio- jn 
eoiiiact ’with (In' I’oof and tin' charci' ot ii-on. li\ coii- 
h'icl 'with IIk' llaiiK', and l>y the hi'at radiali'd iVoin tin' 
^'”’1, ih(' cast-ii<>it mcli.s. d lu' carbon ami silicon arc* 
'‘‘'"‘’'■‘’<1 li'om (he molten casl-ii'on, parth 1)\- tin' ow- 
,"'11 in ih(^ air or tlame, I'lit ] >ri nci pa 1 1 \' by tin' <!XAi.;(‘n 
i" (lie iron oia', which is itsi'lf thus redum'd to ws.muht- 

U'oli. 

V\ roiiL^h t-i I'on contains h'ss tlia.n O.tJ pi'i’ ci'iit of (*ar- 
l“m, and, as the jx'rcenlapi' of caiboii di'crcasias, llu' 
am 1 Icabilit \- inci‘cas('s and the im'lt iiia;-|>(;ini risi's. d lie 
ai' ltino-point of j^ood wrou^ht-iron is from IddO' to 
‘■hid-. Small (piaiititii's of sulphur, jihosjihoiais, si 1 icon, 
'"''i manujaiK'se ('Xi'id a vc'iw markc'd intbu'nci' upo," ils 
iami)(>i-ti(.s. Tlui pi-ocess of wai'lding consists in la'afiiiLf 
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two pieces of iron to a liigli teniperatnre, ]nittiiig s^in 
l)orax njion one of tlieni, Inying tliein together, jind I,;,,,,, 
niering, when, as is Avell known, they adhere firnilv tc- 
getlier. Tlie object of the ]»orax is to keep tlie siirf.uM's 
bright, wliich it clocks by uniting with the oxid(^ niid foim. 
iiig an ('asily fnsibit' borate. 

li(‘ss(‘in(‘r Process. — Molt(n) cast-ii'oii is ])()m’(Hl into 
Jai'ge vess(d called the conAa‘rt('r. TJie carl^on and sili- 
con arc* entirely oxidizc'd and reinovc'd bv nnaaiis of ;l 
blast of air for(‘ed (hrongh tln^ inc'tal from ladow. NO 
fuel is us(m 1, as tin* Inaai gcmei-atml by tin* oxidaticni of 
carbon and silicon is sidhcicuit to rais«* tin* t('nip('ial iirc 
above 'JlOO'. d'ln* conyertm- contains molten wronelit- 
iron after the oxidation. By addition of spiogel-iron a 
product containing an}’ desired percentage of carbon is 
obtniiK'd. 

Iron which coidains more* tlian a ycu’v small pcu'ceid- 
ag(* of jiliosphorns is not adaptml to iln* mannfactun* of 
l>t*ss(‘m(*i’ stead in tin* ordinary way ; but it has bt'ea 
found that, if tlic^ (‘on v<n-t('rs aja> lined witli lime ;iiid 
magnc'sia, sucli iron nia}- la* us(*d. Under thes(' eireiini- 
stances tin* ])hospliorus is oxidized, and foians caleiuin 
aiid magmesium phos])hat<‘S, which are of Aalue as fmtil- 
izcM’s ( s(*(' (fa Icium Ph()Sj)hat<' ). ddiis ])roc(‘Ss is know n 
as tlie Thoinas-tTilchrist or the basics-lining poaa^ss. 

r( itt l''ii mocc . — 'This is siin[)l\'a la'versible 
jmddliiig fiirnae*; in which gas is us(*d as fuel, d’lic 
gas is previously heahal in a Sic'nnnis i'(‘gen(‘ra ti V(* im- 
nac('. 

>S7cf / (Hid JYroK<j]if-i ron . — d’he ])roduct of tin* pudd lintJ; 
fui'iiacj* is calh*d w |•oughtd I'on ; whih*. tliosi* foi ni(*d m 
tins la*ss(*nn‘r proc(*ss and in tin* SicsnnsnsdMartin 1m 
iiace are (sailed shcl. J>(*ss(‘nn‘r st(‘el oftc*!! contains 
less than O.h pcsr cent of carla)!!, and Sieinens-iMa 1 1 in 
steel is tins ])ur(*st form of wrought-iron, containing h 
carbon and silicon than the producst of tins puddlin; 
furnace. 

I'niiperhuj. — WJieii steel is lieated and cooled sini 
d<*id}', it is rendesred extremely hard and brittle; and 
when hardened steel is carefully lieated, and alloAved I • 
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cool slo\v]\-, it becomes very elastic. Tliis is 

call.Ml l('iiiperiiig. 

Properties of Iron.— Pure iron is almost unlviiowii. Of 
tlie coiiiimM’cial varieties, it follows from what has 1 )(h-i. 
said fliat wrouglit-iron is the‘ purest. That wliidi is 
used for juaiio-striiigs is th(‘ punast iron wliieh can hr 
lioii^lii; it contains only about O.d per cent of ini])ni i- 
lirs. hull' iron can be niaih' in thi' laboi’atorv bv innit- 
ii)M IIm' oxidi' or oxalate in a eiirieiit of hviiiogen, and 
l.y ivdiiciiig feivrous cliloj-ide in hydrogini. In laiger 
(jiiaidity it can be prepaia'd by Jiielting llii' purest 
wtoiiylit-iia.n in a linii' cruei])le b\ means of (he (»x\ )i\ - 
(Iro-vii tiaiiie. d’ he i ni] mri t ies a re taken up b\ the ei'u- 
and a ivgnlus of the j.iiiv nietal is left bidiiiid. 
•fiiat made by J'eduelion of the oxiih' oi- oxalate is, nt’ 
onirst', in hnely divided eonditinn. If in its ].veparai\( m. 
tlir t. miH.nauiv, is krpt as \„\v as jH.ssil.l.., tl„. 
nd takes tin., nvIum. i„ ,..,„ta<-t witli tlu- ail'; 

yule il Uie leiuperatun. is ki-U, tlie i.iaaiu.-l kas not 
tins i,„\ver. Ivua is xsliile, aa.l is one <.( Uie l.araost, 
l>nk.ls;aa(l its ineUin-p.iiul is Iki-la-v Ikaii tl.at ,,1 
"iiiiielit-ii'oii. Ikatf ii'oii is atliactcMl kv tlic iiiaeiiel. 
In C.intaet uitli a ina^Mirt, ,,r « l„.|i jilared in a'.a.il 
fiiicirieh wliicli an clrcnic cin'iniit is ]'as.siiia, it kcconifs 
■' niaejiot; kilt, (lu! liuri'i- it is (lie soniier it loses tlie iiia"- 


lieli,- |),avei' wiieii reiiiovcd i'jioiii (lie iiiaenet or (lie cori. 
el, linuever, retain, s its inaeiietisni. Winn lieated to 
nillicientiv liieh (eni|ieratiir(' iron kurus, and fornns 
' I 'o\id,., l'e,(),. lids takes idiuai iiiueli more (lasilv in 
"k'niMi tlnaii ill t-Iie air. In dry air iron does mit nnder- 
neeliaii.-n, lint in moist air il ra.s/.s', or it kcannes eovered 
"nil a laver of oxide and liydroxid,., udiieli is foiimal 
Ilie action of tlie air, carlion dioxid,', and water, 
nlei that contains salts in sidntioii faeililati's t!e 
niiiift. \aiions iiietliods are adojited to jiroteet iix-n 
""111 tins (dniiiee, most of wJiicli are, however, pun Iv 
I""" laiiieal. A method whieli promises valnahle j-esnils 
, nit invented hy Ihirl), wliicli coiisi.sts in iiitrodneiiie 
n ii-ou into water va])or at a temperature of 050 ", when 
>' I'oeomes covered witli a lirmlj adhering layer of oxide. 



oo 


immUANTG CUEmSTUY. 


Iron (lissolv('S in acids with evolution of hydro^cii. 
and {generally with fonnatioii ot ferrous salts : 

Fe 1 tilUU == Fed, + H,; 

Fe 1 ll,S(), F(‘S(), 1- ii,. 

When cold nitric acid is used, feri'ous nitrate and jiiii. 
inoiiinin nitrate avr the [)i()dncts ; il tln^ ;icid is wariiied, 
f('irii* Jiiti’ate jtnd oxidc^s of nitr«>^(‘n are loinnul. \\ lu ii 
nil iinii wiri^ whicli has heen eart'fnlly }>olish(‘d is iiitio- 
ducial for an instant into red fnmini;- nitric acid it (.iti 
afterward 1)(‘ pet into oi'dinarv nitric aeid without niah r- 
!j;oiii;j; chanj^ix It is said to he in tlu' ])assiv(‘ stati' ; and 
th(‘ c*()imnonIv acciaptial ('\|)lanation of the pln'iioiiieiK m 
is, that t]i(‘ wire is (‘ovmiMl with a tliin hiu'r of (')\id<‘. 
.\s, how'te.'i'r, the passixe condition is lost hy ('oiil;^t 
with an ordinary wion tin* explanation doi*s not apjM'ar 
to he a(]e([nat('. 

Ferrous Chloride, FcClj. \\ hen iron is dissolved in 
li vdroiddoi ic acid without acia'ss ot aii’, and tlie soliili(»n 
e va])orat(Ml, crvstals of tin* composition hdddl, -{ - i 1 1 O 
are oiitaiinnl. \\ Inan In^ated for the pnr[>ost* of dri\iii,!_’ 
oil* the xxater, tin* cr\ stalli/.(‘d compound deconipost^. 
I'ln' dry i-hloridi* can ]»e obtained hy lieatin;^' iron in ;i 
current of di’V h \ d roch loric-acid L;as. It is a colorle^^s 
mass, which deliipiesces in tin* air, is volatile at a, liiyli 
te'm])eratn re ; and d(d(*rniinalions of the s])('cilic j^i ax it v 
of its vapor made at V(*ry hii;h temp<*ratures liaxa* slne\ii 
that its moh‘cnh‘ nmh'r tln'si* conditions should 1“' 
repies(*nti*d by tlni formula Fid'l,. At lowin’ teni| ' la- 
tuo's the molecule a|)p(‘ars to he inorii com])h'X. 1 1"' 
(oidciici* on this point is not conclusive if allowed i'* 
stand in (!ontact with tin* air in hyilrochlori(*-acid sola- 
tion, it is chan;^ed to feiadc cliloridi* : 

! 211(1 I ()- 2lh*(1, I IhO. 

If hyd rochloi’ic acid is not ])r(*s(*nt, a basic chloride i> 
precipitated and fma’ic chloiade is tin*!! in the sohiti**'!. 

ir.iCi, I H,o -r <> = I ae-i’i,. 

When treated with oxidizing agi'iits in general, as iidu^' 
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• ji.-ia, ^H)t;issmiu cMoYiite, potjvssiuui poniiaiunmate etc* 
it is mto lerrlc- ^ ’ ’’ 

IVnons aa-n-iAo, n>ust, ..tlwr i.u.talU,', .A,\..v\a(^s 

n.nil.iucs with Uui clAon.lrs ,,r U,,. sU-.a-.-sl \,asi.- (>1(^1 
incuts, f"Viniii-' (loiA.l.! .•onuKiiiu.ls. TIk'.s.i \vitU potas- 
siniii , -111(1 WMliiiiii clil(,i-i,l,.s lia,vc tlic lonmilas I'YiC],. 
■JKt’l ( 11 - K.,l'’c('l„ and J-’c( 'l,,.2Na( ’1 ,,[■ Ma.I-'cCl,. It 
n.iiiiliiiK's also ivith otiici- cliioridcs, .siicli as tli<is(> of 
iiK iciiry and ('adniiuin, I'oiaiiin^- similni- salts. 

A solution ot IViTous (‘lilorido niadi* 1)v dissol \ in^- iron 
ill liydrocldtnic ucid is uscmI in ni(Mlirii,,Mind(‘r tln^'^nanin 
Li(jiior fern rhfontfi. It (-ontnins (on por cold iron. 

Ferric Chlorido, FcCla. Assinitd in (Indast ])ara-rn|)li, 
It'i'ions cldoj‘i(T(‘ is ivadilv <-onv(‘r(.Ml into iViaic cldoridi' 
l)f oxidation. dOi(‘ sinipli^sl way to niako a solution of’ 
die iVrric. cojn])onnd is to diss.aivo iron in. liydrocliloiic 
(ifitl and pass cldoriiio into it (o coniploti' saturation, 
'lilt' solidion is d('conipos(Ml by Insatiny. (^s])('ci:dl v if 
'liluto, yi(ddin,y liyd rocldoric acid and an insoliildo 
nwcldorido. d'lio cldorido can 1 m‘ ohiainod in yfdlow 
riyslals with six or twtdvo niol('cul(‘s of water, lain* tlio 
feirons c()inponnd, it is d(M-on.pos.al into liy.lrocliloric 
;irid ami tli(‘ oxidi' wlnm Insattal. Anliydroiis foin-ic 

< lilorid(‘ is ohlaiin'd by In'atiny iron xvirt^ in dr\ clilorimr 
d loinis black, lustrous crystalline laniina‘, is volatih' 

0 a lo\\('i t ( 'in ] loi’a t n I'o than tin' loiaanis conipoiiml, and 
dw s|)ocili(' p-ravity of i]io vapor is tliat rocpiiivd bv ;i 

< “111 poll lid wli(»s(' niol('cnh‘ coi'ri'sponds to tin' formula 

^ 1 - Ill'll troatod witli nascont li wlropoii, fi'i’i'ii; 
c ldorido is convi'idt'd into jVrrons cldoridi' : 

r(‘(d,-| It ::: 1\'C L - H Cl . 

eonibinos with otlior cliloiidos, forminp douldc cldo- 
''d< s. A solution ot ion ic chloride is used in im'dicinc 
’’"'Icr till' iniiiK' Liquor Ft'rri .si’sqitfrJilorof i. 

byanides.- ddii' com pounds Avliicli iron forms Avith 
p\atiop(^ii lire of spi'cial inti'rost. Tin' sinij)l(' com- 
|’'’"iais, f(u-rons cyanide, Fo((^NA, and forrit* cyanide, 

* * e()r]‘os[)omlinp to tin* abovi'-montiiAuml cliloi'idos, 

Hot known : only double compounds of tliese Avitli 
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other cyanides are well known, and sonu^ of tlicm ,,,, 
manufactured on the large scale. When a solution ,)f 
2)obessiiini cyanide acts upon metallic iron or 
oxides of iron, a solution is formed from whicli f]i,> 
salt known as jxt/tfs.si nin /rrroci/nm^Jc or yelloK' yrns. 
■si(ffr ()/' potash crystallizes, ddiis has tli(‘ com position 
d and may lx* rc^gardt'd as mmli' u], 

of a, molecule ol tmaous c\ anid(' and foin* niok'ciilis 
of potassium cyanid<‘, a-s |•e])r<'sent(al in tln^ fonmila 
F(M ( 'Xk.dlvC 'X h dlldk W’lnm tliis salt is Inn-itf'd wilh 
cldoriiK' it is conviudc'd into pt^tassi h m frrrl<'yaiii<t^\ oi /v^f 
prnssiofe e/‘ ^>o/e.s‘A, IvJd'U 'N which is to Ix' r('g;ir(|(d 
as consisting of hnric cyanich' and ]x)tassinm c vx iiide, ns 
r(‘pr(‘S(‘nted in tln^ formula Id'd 'X ),,.M IvCN. Tlie tr.nis- 
formation is reprc'scudixl thus: ^ 


K, k'ed ’X -h t'l ““ X,< 1 '<'( ( ),, -} htd. 


From thes(' two a nnmlxn* of othei* cyaiiognm compoiiiKU 
ai'e ohtxined. A\ hen ti’eatcMi in concmit |■at(Ml solution 
'w ith coiieent I'atc'd hy d ro(ddoi ic aeid th(‘y yield tin' t iv( 
acids, and hy ti'(‘ating them with solutions of diriineiit 
metallic salts <*oia’(‘spon<ling salts of th(‘S(‘ acids arr oh- 
tained. Among tin' most important of th('S(‘ d(‘ri\ati\os 
ai (‘ the fol low ing : 

F( if(]li\ (Irocvaiiic acid, F( rrili\ drocyaiiic Jicid, 


II.FciCNv. 

I\itas.duiij fcirocyniudc, 
K,lo((’Xn 

Sodiiiin I'cnoryaiiiilc, 
Na.FcU'Nn, 

Barium rcrnx-yanidtn 
lia,F<iCN), 

F'crric fenoeva n idc, 
F<nlFc(('Nkl3 

Fcn i- j)oi;is<iimi fcrrocyauidc, 
K FcFc(('X), 


II. io-((’X)« 

T*otassiinu fVri icyiuiidc, 
K , l'’r(( 'X j« 

Foilium I'cri Fyaiddc, 
Xa. Fc((’X), 


F( ' IT( > u s f c r r i c \'a n i d c, 

F(n.LFc((\X)d. 


Potassium Forrocyanido, KiFciCNic f — As stal'd 

above, this salt cau he 7uad(‘. hy treating iron <>r id' 
oxides of iron with a. solution of potassium cyaiiidm dii 
the lai’g(‘ scale it is manufacturjMl ])y melting cnidt' 
potash or potassium carbonate, and gradually addin,' a 
mixture of iiam iilings or turnings, and refuse aiiim-ih 
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, as claws, horns, hoofs, liair, cti*. Or tlio potash is 
with the animal substances and potassium cyaiiichi 
II,, IS OriiKMl, and this treabal in solution with lV*rrous 
^.;uj)(»iiate, when the ferrocyanide is foi-iiuMl. It forms 
];,pro \ ('llow })yramids Ixdonj^in^ to tli(‘ tctiai^onal sys- 
ti'iii. At the ordinary temp(‘rature it dissolves in three 
to four parts of water, and moia‘ (sasily in hot water. It 
<rivos up its water of crystalli/atioii \ei‘y easily. AVlnm 
|i,>;it(‘(l it is dt‘compos(Ml, forming; p()tassiuni cyanide, 
iiitioj^iui, and a compound of ii'on ami (‘arhon ; 

K,he((^N)„ 4K('N t ; lAth 

'rivaled with comaml rated sulphuric acid it iinderLfoes 
(lei'oiiipi'sition,’ t^ivinj^ as ^aseonis product carbon mon- 
(•'♦idf', and this furnislu's a ^^ood nnUliod !<»]• the 
aialiDii of tin* ^'as : 

K,l:V(rN)„ i blbso, j i;ib() heSO, i :2K,S(), 

1 ‘diNHp^o, -i 

With dilute sul]diuvic acid it oives hydroc'vanic acid, and 
terms at tin* samt* tinu* a white insobibh* compoiiinl of 
tile composition KheiONv, or FeUdN : 

1 :ilb,SO^ (dU^N +:VK.SO, 1 21vhe((^N\. 

Ferrohydrocyanic Acid, n,Fc(CN)., fornu'd as :d)ove 
desci ilnnl, is a. whit<* ('rystallim* snl)stan(a',whicdi is csasily 
'^eluhl(‘ in wat(*!' and alcohol. It takes uj) owpimi from 
die air, and is couxsaicd into tin* hua'ic salt of tin* acid, 
li\ di'ocyanic acid heini*' e-ivon olV. him ferric salt is 
tlic siibstaina* commonly calh'd i n.soJ uhlr Prf/s.sifiii hh/c, 
1 lie relation of tin* salt to the aeid is shown by tln^ 
Ibnn nlas 

H.1A*((^^N), F(*.| 

(I n )cyanio iu’iii Fon ic or 

I'nissiati Miif 

Forric Ferrocyanide, or Prussian Blue, FG,(Po(CNie]:i- — 
lids ('omponnd is v(*ry readily foiaiu'd by adding; a solii- 
boa of tonic, salt to a solution of ])otassiiim f(*rrocya- 
’^'d(*, and appears as a dark-bine ])r(*(Ipitate : 

dK;F(*(CNX f' AFeCl, ez: F(*J Fett^NX^ f It^KCl. 
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It is obtained in ]nire condition by trtsatin^ a solution of 
a ferric salt ^vitll a solution of fcu'i'obydrocyaiuc acii] 
AVlien a ferric salt is addial to an excess of potassium 
fin’rocyanide a le,rri-p(4assiuiu salt, KFeFe(CN)^, 
foriin‘d. 4dds is coiunionly called Prussian blu(‘, ;iii,l 
tli(' coni uiercial article always contains some of it. |( 
is also known as soluble Prussian blue. When hi'aliM] 
with an alkaline hydroxide^, Prussian blue is (Iihm im- 
posed, the prodinds of th(‘ action b(dn<jf the ferrocyanidi s 
of tln‘ alkali metals and ferric hydroxide : 

JAy[Pe((’N),J, - 1- P2K()H -]- 4Fe(()ll), 

Potassium Ferrieyauido, K:,Fo(CN)r,. Phis salt is 
foruKMl b\- lr('alin ;4 lh<‘ tcrrocyaiiidi', (dtlii'i’ dry or in 
solution, with (diloi'iiie. It forms lai'uiu dark-red, inoini- 
clinic piisms. It dissolm^s in about thiiM' tinims its 
w(diL;'ht of wat('i‘ at tin' ordinary tiun ])(‘ratnrc, and is nion^ 
easily soluhh* in hot water. Tn alkalim* solution it acts 
as a strony* oxidi/iiiLt aj^ent, on accou nt of its teiidmicy te 
form th(‘ terroevanidm 44i(‘ character of tlu^ action is 
indicated by tln^ followini:; iMpiation : 

OKJAyt Ni, i tdxOlL : ()K,Fe((hNy | + ilO. 

Ferrihydrocyanic Acid, n;tFc(CN)o, is a crystallized 
siibstaiicm 

Ferrous Ferrioyanido, FodFo(CN),dv, is common ly (‘a I Fd 
Tuiaibuirs lilue. It is formed by aildin^' [lotassiiim 
feiricyaiiide to a solution of ferrous sulfihate, oi' any 
ferrous salt : 

dF(*S( ), 4- 2K,F(‘(FN), ^ I ’iy[Fe(CN), h '1- 

Starting with lerrocyanic and IVrriiryanic acids, loiir 
iron salts suj^^est themsid ves. ddn^si' are feri’ous and 
fmaic fei ioc ya nid(‘, aaid tei'rous and ferric fei ricya ii idm 
Th (3 ndations betw(*en thmii arc; indicatml in tin' toN'ev- 
ing formulas : 

A<-ia nj’.-K’Nirt A<-i.l nyt'eaN 

(1) imiToiis suit, . JA'.jFcit 'N j« (:i) F<Tmus salt, . Fed F<‘i( 4 ' i - 

( 2 ; Ferric suit, . . F<*4Fe((4\)fll3 ( 4 ) Ferric suit, . Fel^V(('N' 
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Of th('HO (‘2) is Prussian i)lun and {?>) in Turnbull’s 
l,hu‘. Tlin roniniurcial Prussian blu(‘. contains sonu^ 
Tiinibuirs blue. The nuisou of this a[)|)ears to be tluit 
a part of tlie ferrocyanid(‘ of ])otassiuiii usial in tl»(‘ 
pri'paratioii is oxidizial by tlie ttu’ric salt, and thus ferri- 
( vaiiide of potassium and a huTous salt t'onie top;ether. 
\\ hell potassium ferroevanid(‘ is added to a solution of 
a ferrous salt, Ave sliould ex]a‘ei the formation of salt (1) 
or ferrous hu'rocyanide : 

Jv^I (?(C. N)p -|- 2heCh — be.duMPN)^ -[” 
blit inshaid ot tliis a ferro-potassium salt, of tlie formula 
K.jFe he((J^« )r,, foriiK'd : 

Jv^P(‘((^N\ -I- j’ePh r- .KjMdM‘((’Nh + 2K01. 

Xhis is a Avliite powahu*, Avliieh is loriiK'd also whmi ])o- 
tassium h'ri'oeyaiiiih' is decomposiMl bv diluti' sul])huri(‘ 
acid in tli(‘ prejiaratioii of hydrocyanic acid. It isi'opri'- 
st'iih'd a.b()V(' hy tlu' foi-mula KFihPN),, but taking tin' 
iiK'thod of iornialion into c*onsid('ration tin? formula 
K , I 'c Fci ( ’N si'ems mort' probahhe I’crric ferricA anith^ 
i^^ not known. W lnm, howevc'r, a sidntiou of a lerric 
salt is added to oiu' (d' potassium terricyanidi' tin' solu- 
linii tirrns dark brown, and p('rliaj)s contains this salt. 

1 lie (composition ot tin* salt is tin* sann' as that of fi'vric 
cyaniih', and jiossiblv tin' two compounds arc' idi'iitical. 

Nitroprussiates. - Win'll potassium forrocA a nid(‘ is 
tii'at('d with nitric acid, ]>otasslum nitrati' is formed, 
b hen this is la'inoM'd and tin' s(dution m'utra li/i'd willi 
Sodium ('a,rl)onat(‘, a salt known as s(*diuni nitropiaissia 'oa 
is obtaiiK'd. This cry stal 1 iz<‘s vt'iy bi'antifully , and is 
used to some (‘xti'iit in the laboratory. ith solnbli' 
sulphides it givu'san int('ns(‘ a ioh't coloi', but not with h\ - 
di‘>g('n sulphid(‘. d’ln' coni|)osition of tin' salt is repiu'- 
seiiti'd by tin' formula. >sa,.h\'((’N),tNb)) | 2Hd). ddie 
bt't' acid ('orr('S[)onding to this salt, and also other salts 
"1 tin' sann' acid, ha.A(' bi'i'ii iiiadi'. 

Ferrous Hydroxide, FciOII)., is forim'd wln'ii a soluble 
kydroxich' is addl'd to a, solution of a ferrous salt. It is 
white ])recij)itat(‘, but it is usually obtaini'd as a grei'u- 
'^li mass, as it is very easily oxidized liy^ the oxygen of 
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the air and that; contaiiH'd in tlie solutiojis. AViion ,il~ 
lowed to staiid in eontaid witti ilie air it turns a dirtv 
green, and linMlly brown, being e<n)V(M-ted into lerric- li\- 
<lroxi(h‘. Inni ]i(‘at(nl in tin* air it losers wati'i', ainl 
takes u]) oxygen, foi'niing bn-rif oxidia 

Ferrous Oxide, FeO, is formed by passing Ina! i-om i, 
oV(U‘ bu'rie oxidi' luxated (o dOO ". It is a black powak ]•, 
wliieli lalo's u|) oxygrii from tlu^ air, ;irnd is eonv('rt<'{l into 
tlu' oxido 

Ferric Hydroxide, FelOIT':,. 'This <'om pound is foinicd 
most laxadily by adding ammonia lo a. solution of a b'l i ic 
salt, anIk'Ii it a])])(‘a I's as a Aolnminons bia )wnisli'-r('(l pic- 
ci[dtat(x \\ lum fUttMaal, waslual, and di’i('d, its eompo- 
sit ion is not ehaiigfMl. II luxi t(al at 100 , < >]• if I lu' so] nt ii m 
is boiled for sonu' tinu\ it loses watm*, and foians com^- 
poiinds of tlu' formulas l’d‘( ).() H , ]*\', ,()(() FI (dc. 'I'Ik' 
latt('r is d(‘rived from tlu' normal ]iy<lroxid(^ as )’(‘pi'(‘- 
sented in the tajualion 


2be(()]|), - iMgOiOli), -f 11,0. 

d’lie mineral pyi'osidcniti' is tlu' liydioxiib' Ib'O.Oll. 
Jirown ii'on oia* is t’e, ().,<( )}1 i,. ; and bog iron-oi»- is 
b(*,()0)FI|^. All of Iluxsi* ar(‘ deia\ativ('s of tlu‘ normal 
liydroxid**. d’lu* normal liydroxidi^ diflbrs fi’om alumin- 
ium hydroxide in tin* fa<-t that it has no acid projxu l i» s, 
d'h(‘r(dor(‘, it the two li \ < box ides a re t r(mt(Ml t( )get her wit li 
n eanstie alkali only the alnmininm liydioxidc* dissolo s. 
1’h(‘ eom[)ound FA‘().()II, eorres}»on(1ing to AlO.Oll and 
( 'r( ).( )1 1, yiehls salts umh'i' some eiicumstaiua's. 'I’liii^ 

a, <-ah‘iiim salt, [/*,( ) J > A ’-i, is formed by limiting togetliei 

fj'i rie oxide and linn* to a, high tempiu at nre. In eompe 
sition this is plainly analogous to tlu‘ spimds. AFagimtii' 
oxidi! of iron or magiuditi' is believml to b(' the corn - 

s])onding ferrous salt, j.\, I'h’ankliniti' also is a 

salt of till! sanu‘ order, e.ontaining zinc. Ft is essi'iit ia 1 i ^ 

a zinc salt, of the for mula, !/ !!'!! '/n, but some of tl * 

zinc- is replaced liy iron and manganese. 
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Ferrous-Ferric Oxide, Fe^O^.- As stutiMl u1)()vp, tliis 
^vi)ii)ouii(l is regarded as analogous to tlu^ spinels, and 
;is tlie ferioiis srdt of tln^ a<*i<lie livdroxid(‘ lA'O.OTT, as 
iv|,)vs('nt<Ml in the (M|uati(ui (F(‘().()kJ^\'. It is found in 

iialiirt' as tlie iniiMU'al magnetite, and loadstone', wliieli 
oorins ill S\\(‘den, Norway, and elsi'wlu're. It is, t’ln tln'i’, 
jniiiicd will'll iron is Imrjied in oxygon, and w Ik'h water 
is |)ass('d oyer reil-hot iron. Some ot tiu' niagiu'tite 
wliirli nrrurs ill nature lias tlu' powt'r to attvaet iron or 
is iiia;j;iH'tu*. 

Soluble Ferric Hydroxide is fornu'd wlu'ii a solution of 
IVirii- ehloride, or fi'rric aei'taio is troab'd with fi'vric hy- 
aro\ide,and thi' solution thus formed dialyzed isee page 
iil ). I he terrie salts pass through' llie ineniln ane, and 
tjie li'rrie hydroxidi' mnains in solution in water, form- 
ing a deep-ri'd liipiid. It is used in nii'dieiue. Smalt 
( I iia lit it ii's of salts eausi' tlu' pri'eipitation of liarrie hv- 
'li’oxidi' fi'oni till' solution. 

Ferric Oxide, Fe,0;,, is found in nature, and is hnow’n 
as lieiiiatiti', forming one ot the most laluahle ori^s of 
iron. It eau hi' niadi' in the lahoratoiw h\' ignitiin*' the 
ii\ dioxide. As hematite, it is a hlaek, erystallizi'd sidi- 
slaiici' with a high Instri'. < tthorwisi' it lias a rod or a red- 
ilisli-hrowui eolo]*. d^hi' oxidi' found in naturi' and that 
wliieh lias hi'i'ii strongly igniti'd ari' yi'ry dillieidtly solu- 
hl(' in acids. In the jncparation of fuming sulpihurie 
<i' id hy hi'ating ferrous sulphati* isee j>age tliero is 
h it a residue of iorrii' oxide known as whieh is 

list'd as a, red pigmeid and as a. polisliing jiowder. A 
spncially tine yaiii'ty of rouge for polishing is niauufae- 
fiio'd hy heating terrous oxalate, in eontaet with 

tlinair.' 

Ferrous Sulphide, FeS, is formod hy diri'et union of 
ii'nii ;iud sulphur wlieii till' two are heated togethi'r. It 
Is inannfactured hy hi'ating iron tilings and sul])hur to- 
k' thi'r in a eiaieihh'. ddie ])nre eoinpound is \elloiy and 
<1 \ stalline. When lu'uh'd in c'ontaet with the air it is 
"O'lizeil to ferrous suljihate, if the tempi'iature is not 
high. ;\t a highi'i* tt'm]ieratiire the jirodiuds are 
i'''>lphur dioxide and lerile oxide. AVhen a solution of a 
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ferrous salt is trejitiul Avitli Jiiiniioniuiii sTilp]iid(‘, tenons 
siil[)liide is 2)A‘t-eipitiite(l as a black 2J<>wder. Wlaai a 
ferric salt is treated with ainmonium sulphide it is i( - 
diiced to th(^ ferrous condition, and then ferrous sulphide 
is |)reci[)itated : 

2FeS(), H (NTf,),SO, + 8 ; 

2FeS(h + lij.S = 2FeS -| 2(NH,),SO,. 

Tin' sulp]dd(‘ thus obtained oxidizes readily in tin' aii\ 
and forms tin' sulpliate. The com2)a('t vaaiety is used 
in making- hvdrop;('n sulphide' (which sen'). 

Ferric Sulphide, FovS,, is analoj;;ons to ferric oxide, 
Fe.,(),. Tt is fornnnl artihcially by ln*atiiig iron and sul- 
phur t<a!j;etln*i‘ in tin' ])rop('i' pi'opoi'tions. 

dust as tln'io ai’e' salts <h'ri\(‘d from tin' hydroxide 
l^V'O.OH, so tln'ie* are salts whiedi are* d('ii\(‘d from the 
corre'spondinic sulphide' hd'S.SH. 'Fin' ])e)tassium, soeliuin, 
anel some e)tln*r salts are* e)btaine'el artiHcially. (Miale'o- 
])\ lite' is a2>t>ai‘ently the cuinems salt Sh'e-S ('u (U 
J^V( 'uS,,. 

Ferrous Carbonate, FoCO:,.— This salt e)e‘cni‘s in natiiri 
as s[)athie‘ ii‘e)n e)r sieh'idte*. It crystal lize'S in forms 
similar to those* e)f calc spareu* calcium cai‘be)nate' ( 'a( '(h. 
Jake' this, fui-tln'r, It elissedve'S in wat(*r whie'h ceuitaiiis 
cai'bon elioxieh', ami is the're'tbie' ce)ntaine'el in natni'.d 
wateu’s which e'e)nie in e-eudact with it. \\ hen a se)luti"ii 
of a. ferrems salt is ti’e'ate*el with a. sedubh' car])e)nate a 
white' ])r('cipitate is Ibrnn'et, whie'h is fe'rre)us carbe)nah ; 
but in ce)ntae‘t with the* air this is ra[>ielly e)xielize'el and 
eh'com})ose'd, lea \ iii}^ ferrie* hydre)xide', which w ith car 
bonic ae'id ehae's ne)t form a salt. In this ix's^x'ct learic 
hydre)xiele^ ae*ts like* aluminic a.nel chi'omie* hydre)xidcs, 
ainl the'i'e'fe )!•(' whe'ii a se)lubh‘ carbe)iiate' is aeleh'el to a 
solutiem e)f a, fe*rric salt tln^ hyelreixiele anel mat h'rric cai- 
bonat(! is thre)wn down. 

Ferrous Sulphate, FoSO<.- This ini[)e)rtant ce)mpouijd 
is majiufacture'el on tin' la]*^;*' scab' by tln^ speuda in'oii^ 
oxidatie)!! of j)yrite in ce)ntae't with the air, and by di 
sedvingiron in sul2)huric acid. It is free^uently calh h 
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vitriol” (soo p. o!)(»j, uiid more commonly “ co]h 
[)( 4;is.” Under ordinaiy coiiditiorjs it crystuilizos in 
Imiisparent, monoclinic crystals with seven niole- 

(Mil('S of water, just as zinc sulphate, may-in^sinin sulpliahy 
(‘tc., do; and when lieahal, six of theses ai'e given oil 
ivadily, while the last is given off wilh dillicnlty- a fact 
which makes it appear 2)rol)al)h^ that the salt is a deiiva- 
tiv(' of tetrahydroxyl -sulphuric acid, as represented in 

'Stal- 

]i/(‘s in mojiocli iii(*, (*r\'stals, it, tak(‘s tin* rhomhic foyni 
it its supin-satiirated sedntion is touched witli a (uystal 
<»t zinc sul[)ha,t(‘. it also crystallizes in tin* tri(‘linic svs- 
V'lii witli liv(‘ moh'cules of wa,t(‘i‘, like cu})ric- snlpliahv, if 
a crystal ol tlu^ lattivr salt is ])lac(‘d in its coma'iilrattMl 
solution, riu' salt nmlergoi's changt' when (ixpostul to 
(1 m‘ ail*, being conv(‘i‘t(Ml into a, <'om[)omid containing 
i(‘iTic snl[)hate, h(\^i S( )j.„ a iid hu ric hydroxidi', or more 
]trohably a basic iei ric sulpliatiu UeyS(.)^)y Oil i,,. 

(;h\‘So. I - do 1 diuo _ 2LVy(S()^y.(( )nf„ or 
hUeSO, + ;}() 4- :;il„() zzr ‘2IAyiS(),K, -f- 2lbM()Il)^. 

Jhe sann‘ chang(‘ taku's [)lace when a solution of huTous 
^^ulgliate is <‘\ posed to th(‘ air. Wlnm tr<‘ated with oxid- 
i^'hig agents in the pr('S(‘nce of snljihuric acid it is coni- 
[)l(‘tely conv(*i t(’d into hu’ric sul[)hat(‘ : 

‘21b‘S(), I ll.^S(), |~ () Ue,(S()d3 + 114). 

bik(' otlun* solubh' hn-rous salts it a,bsorbs nitric oxide, 
‘Old wlum tin' solution of tlie unstabh' i*ompound is heati'd 
th(‘ nitric oxich'- is given oil. h’ei’rous sulj)hate is iisi'd in 
dveing, in tlu', ma,nufactu]*(* of ink, (dc.; and as a. th'odor- 
JZ' i*. \\ ith sulphates of tln^ alkalies fei’rous sulphate 

MIS double salts, such as lA'Iv.lSt ),k, -|- OUd), In'i Nllj, 
*^0;),. - 4 (U[ 4 )^ etc. Thes.' an' not as ('a.sily o\idiz('d as 
dio simph‘, salt, and ar<'. ('on v»‘ni(‘nt in tin' laboi*atory 
'di('n a, juire ferrous salt is wanted. It is a fact \\(>rthy 
'd sp(H'ial notice, that while ferrous sulphah' crvstallizes 


tlu' formula OS- () 
O 


i (OH), 


>Ue; 


AVhile it ordinarily cr^ 
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'vvitli seven molecnl<‘s of water, tliese salts eontaiii 
six molecules, ami all of this is easily given oil* wIk ii 
the salts are h(‘at(Ml. It a|)pears, theref()]'(^, that tln st^ 
(h)uhle salts are formed from ferrous sulphate h\ ic- 
placiiig one molecule of tin' wat(‘r by a moha'iih* of som,' 
sulphat(‘. This is ch'ai' if ftu’rous sulphate^ and tli(‘ ollu r 
salts are I'l'garded as sails of t(dj‘ahydro\yl-sidj)lnii ic 
acid. We should tlnm hav(‘ tln> r<'laliou ladvauai the 
double sulphati' and the simple oik's as r('[)reseiitt'd la- 
the formulas below : 


() 

n) 


UO.y^OK 

()jl{ llo'^'OK 


Forrons sul|>)KUe 


eutassinfii sulphate 


.() 


o 


r.<;;>s< 


() 

>S ' 


-OK 

OK 


— FeK^lSO,), 


Fei rolls |)i>tassiiiiii siilphatt* 


Ferric Sulphate, Fe-.fSOe 3 .~-This salt, as stattnl in tlio 
last ])aragraph, is formtsl by oxidation of hu'roiis siil- 
pliatta It is also formed by dissolving hu'rie oxich' or 
]iydroxid(‘ in stdphuric a<'id. W ln*n the solution is 
eva[)()rated the salt remains behind as a whit(% anhydrous 
mass. It readily forms basii* salts, tlie (•om])osition ol 
which is not positively known. W ith tin' sulphates <•! 
th(‘ alkali metals it forms double salts, which art^ ]M't- 
fectly analogous to alum, and an^ known as tin' iron aJunis ; 
as, for example, Fe K(S( h b - 1 121b(), Fe(NH,)(S(bb r 
1211,0, etc. 

Ferrous Phosphate, Fo;,fPO,)., oc(‘urs in natuix' cryst.il- 
h/('d with (‘ight molecules of water as tln^ miin'ral viM 
anite. lloth this salt and h'rric ])hosph 5 d(S F(^F(),„ ai< 
insobibh' and art', formed wln'U solutioijs of ferrous aici 
h'rric salts art' treatt'tl with stxlium ])hos])hatt‘. 

Ferric Acid, II.FeO,, is aualt)gt)us in tu)mposition t" 
chromic ami ma,nganie acids. ^Jdn* acid itstdf is not known, 
but its ])otassium salt is ft)rmetl wht'n iron or ft'ri’ic f)xi(! 
is heated with saltj)ett‘r, or when chlorine is passed inf 
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(■;iiis(i(* poiiisli livdroxidi; in suspension : 

iu (Oil), + 2K()H + :ud K,iu>(), - I- ILO :inc]. 

'I'liis, ;is well as the otluo* hoTates, is unstal)l(‘, tlie iron 
to pass hack into tln‘ eondition of n tVrrie eom- 

pollIKl. 

Ii'on Disulphido, FcS,, is not M,iialop;oiis to aiiv o\\ p;eii 
coinpieuid ot iron. In it the nu‘ta\ app(‘:irs to i)e (|uad- 
rivalt'ut. The, disulphide oeeurs vi'rv widely distrihuh'd 
and in hirp;e ipiantiti(‘s in nature as tlie luLiuM-al iron 
pyrites or pyrite, wh'ndi erystalh/('s in tlu' Vi'-ular sys- 
ti iu, anil as niareasite, whieh ery slalliz(‘s in the rlionihie 
sysieiii. it ean Ix' made artitieially , and if erysta 1 h/axl 
it apjHSLrs in tin' form of tt' i’de. Tis eonduct umk'r tlie 
iiillm'iiee of lieat has been r('|u‘atedl\ lab’errml to in eon- 
M('e(ion with th(‘ roasiiipe; of iron and olln'r oic's. As 
pyi'ili' it, has a <4ohhm-yellow color, and it has fre(|iumt]\' 
he(m takim tor (In' precious metal b\' tJiosi' not familiar 
with it. ^I'h(‘ naim' “ tool’s j^ohl,’’ by w hich it is some- 
liiaes popularly known, sipny^ests this fact. 

.1 rsctio/tfi ri/<\ h('AsS, occurs in naturi', and is a ^'alu- 
ahl(' sonii'c' of the' eli'nient ai'senii* ; for, as lias Ix'cn 
slat(*(l (S('(' |). dO")), w hen it is hi'afial it ‘^ivi's oil arsi'iiic, 
iiiid h'rrous sulphiih' is ](‘ft behind. 

Iron Carbonyls. AVhen finely-divided iron is allow’ed 
to cool in hydi-oyw'ii y;as to S()'\ ami then tri'ated with car- 
hell monoxide, tlu! issuiiij^' ^as imj)ai'ts a \a'llow color to 
tla^ llaaiio of a Bunsen burner, and by j»a,ssiii<^ it thiamyh 
alu'ated L;hiss tulx' a metallic mirror is formed at lad waxm 
dc()' and ddOs This mirror consists of iron. d’h('S(‘ 
pli(‘nonH‘na arc' dm' to tin* formation of volatih' com- 
pounds of iron with cai’bon monoxide, the principal om' 
liavin^^ the composition Et'(C())^. (Set^ Nicke'l Carbonyl.) 

Reactions which are of Special Valno in Chemical 
Analysis. /^Vy/v>a.s' ( 'i))n pounds. - The reactions of ft'rrous 
'•<>m])oiinds Avith tlie solnhJe hydroxides and carhomdes^ 
imnonitnii sulphide, poOtssiu/n ferrieyonide, and with ox- 
‘diziny (Kjerds liave bemi explainml above. AVith amino- 
"iiini salts lerrous chloridt; forms double salts, Avhich are 
soluble; therefore, if ammonium chloride is added to a 
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solution of t1i<‘ salt a,niin<>iiia (lo(‘s not pi’eci])itat(‘ 11;, 
hydroxide. FiirtluM', aiiinionia does not eoni])letel v 
(dpitate tin' liydro\i<le from a solution of a feri-ous salt, as 
an amnioniuni salt is forme<l. J5y standing in the air, 
liowt'ver, tlu'se solutions (‘ontaininij;' tie' doul)le salts ajo 
oxidized, and hnaie hydroxide is pr(‘eipitat(‘d. d'lie le- 
actioiis witli ])otassium e^•alllde will l)e umh'rstood tr,)ji, 
xvhat lias Ixaui said eoiic<'rniii^' th(‘ eom])onnds of tVsio-- 
hydroeyanie and IV‘rrihyd roe\ aide aidds. 

Ferric Compounds.-- The reaetionsof ferrie eoni|)oiin(ls 
with thi' sdI ///>!(' /ofd ro.nt/cs and (‘t( rhonoh’s^ (t iiniioni nm sn'i- 
phj^le, pof (4SSI N/t/ n idr^ and po! os.si n m ft r ricijo ntih 

hav(‘ heen ('X[)Iained al)ov(*. ^\ Inni snl phitU’ 

jiassial lliron^h a solution of a hna’ic' salt, K'duelion to 
tin' eonx'spond in^n; fi'rroiis salt talo's plaei', and sul]tliiif 
si'paratt's, wliieli qivos tin' solution a inilkN' a p[)('a I’aiiei' : 

F.'„fS();y, \- \l S i- I S; 

L il.^S . -il’ed., f l>ri(M 1 S. 

AVlien a inmtral solution of a. Ierri(‘ salt is treati'd with 
snspenditl ho mnnco rli<tnofo the ii’on is pri'eipitatiMl as IIk' 
hydroxide. 

Wdieii a neutral solution of a, lVrri<* salt is Iri'ati'd with 
(H'rfofc df pohfssi n m or sod i H m it turns <Iark red, in eoiisi'- 
(pieiiee of tile foi-matioii of feride aeidate whieh j‘('maiiis 
in solution. When the solution is boiled tln^ aiadate 
In'i'aks down int*) aeetie ai/id and h'l j-ie. h\’droxide, whii h 
is [inM‘i[)itat(‘d : 

7d‘(d, 4- :t\a( Vlh/h 4- dXaCl ; 

1 hJH/) - Im'(()U), -i- 

\\ hen pot(fssi}ini. sNlpItoct/onofe^ X(^XS, is added to a solu- 
tion of a terrie salt a. blood-ix'd color is produced, d’his 
occurs even in (extriMuely dilute solutions of tV'rric salts. 

d’he borax bead is color<‘d bottle-}i;r(M‘n in the rmluciiiL; 
thinie, and brown-red to yellowish r(*d in the oxidiziiie 
llaiiH^, when treated with compounds of iron. 

CoJJALT, (Jo (At. AVt. 58. Id). 
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Groneral. — As stated in (lie roriiMvlcs introdnetoi’y to the 
ifoji ^roii]), col):i,lt, lik(^ nickel, jncfei-ahl y forms com- 
pounds wliicli ;ir(^ analogous to ferrous com])ounds. It. 
jiowanan*, forms a. few whiclj ar(' analop;ous to ferric, com- 
pounds, its ])ower idi tliis <li]“('ction Ixunp^ p;feat('r thai' 
tli;it of ni(‘k(d. Its salts form a po-eat vaimdv of corn 
pounds with ammonia, and tliesr^ liav(^ Ixam extensivi'ly 
si ml i('d. 

Occurrence and Preparation. — (Johalt occurs in nature , 
almost always in com[)any with nick(‘]. The jrrincipal 
iiiiu-'i-als coniainini^* it are smaltit.e, ( \)As,,, and cohaltite^ 
a)As.,. Tn (uudi of these* a, prai t of tlu' cohalt is le*- 
|ilaci*d 1)N' iron, and, p:(m(*i'al ly, soim^ nicked. l>y roasttnj^' 
UK'Hing tlu> ores in hlast-furna<*es tlnpv are', ])aiily 
^iiirilie'el. d’lu' pi'oductis dissolve'd in liydi'ochhuic acid, 
ami treated w ith a small ejuaiitity of calcium liy poe-ide )i'il(‘ 
and hydroxide* for thee piiiyrosee of re'inovin^- ii-oji and 
arse'iiie* ; the'ii wdth liyel re)p;e'ii sulpldele to re'inove* e-oppe*!’ 
and hismuth ; aiiel linaily witli calcium hypochlorite* 
wlie'U cohaltie' h \'d I'oxide', (h)'()il),„ is [)rce‘i[)ita t e'd. this 

is rt'aelily con\e'rt(*d iiito the* oxide*, ( 'o,,( ),, from w hich 
die me'tal e*aii he* ])re'[ra I’cel by heatin'^' it in a curre'iit of 
]i \ ( h'o;^e'n. J_t is alse> ohtaiiie'd by he'atinjj; the’! oxadate* te> 
a snllicie*idly Jiip;h te*m]a'i‘at ure*. 

Properties, — -(Jerhalt has a. silve*!’-white* ce)le)r, with a 
slight e'ast e)f re'el. It is harele*r tliaii ir‘e>n, anel me'lts at a 
SDiiie'w hat le)wei‘ te*mpe‘i’alure! ; is te‘nae-ie)us ; aiiel has thee 
sjie'citie* poaxity M.d. • t elisserlve's in idti ie* ae-iel. 

Cobaltous Chloride, Ce^Cl;, is femneel hy he*atinp; e'e)balt 
ill e'hhuine ^-as, aaul in serlutiem by treating: e*e)bait 
eaihonate with Inelrea'hloiic aciel. Th'erni tliee seelution 
it <'rystallize*s in elark-ie*el pi’isms of the* cernppeesit ion 
t b(’i^ -| - t)tf,j(). The aidiyeb-e)us salt is blue. A\ hen thee 
him* salt is t ix'ateel w ith wate*r' it turns re*el, anel w hen the 
I'd salt is heate'el it tuims blue. ddiis diife*i‘e*nce' in e*e)h)r 
h' t wee*n the aidi velreaus and the hyeb'ate'el salts is e'harae*- 
h iistic, of e*e)ba,lt salts. If marks are maele* e)n ])a])e*r 
''' ith a elilute*! solution erf erne eif the salts the* e'erlerr is not 
h'sceptible. If, henvever, the paper is he‘hl be'lort* a, 
lie', the? sa,lt loses w ater and turns blue, anel as the blue 
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is morn intense tlnin the red, it is visihle. 'W’linn tln' s.di 
heeoines moist ;i^ain it becomes invisible. This is Uu, 
l)asis foi'tlu^ ])i’(‘|)aration of tln‘ so-calh^l 

Cobaltoiis Hydroxide, Co(OH>,, is formed as a |•,Ml pi, , 
eipitate wlum a soluble liydrovide is addi'd to ;i coh.ilf- 
ons salt, and ilie bim' piva-ipifab', wdiicdi is tirsi foi in,.,! 
and Avliicli is a basic salt, is allowed to stand. It is oxid- 
i/ed by contact with the aii’, forniin^M*obal(ic‘ h\ dioxi,!,.^ 
Avhich breaks down iido cohaUic o.rii/e^ (’o.,(h,. 

Cobaltons Oxide, CoO, is fonmMl when the coi ix'spoiid- 
in^^ hydroxide is caiadiilly Inxited uithont acc(‘ss of ;iir, 
A\ hen legated in the air it is (‘onvertiMl into 
vohfiltic o./'c/c, which is analogous to hnronS'frri ic 

oxi(h\ I’his is also foi iinsl when cobalt ic oxide, Co ( ) , 
is lieati'd in tln‘ air. 

Cobaltic Hydroxide, CoiOH);,, is fornu'd wlnni calciimr 
]iVjiochlorit(' is adde(l tc; a solution of a cobaltons s.ill, 
and is a black |»owd(n-, Wlnm In'ated it is convejtid 
into l)lack eoAe/Za* o.c/dr, Co,(),. 

Cobalt Sulphide, CoS, is tlu' black prccipitatt* whicli Is 
fornii'd by ad<ling ainnioniuni snl])hi<le to a cobaltons 
salt. It is not soluble in dilute acids, and ditftns tVoin 
f(M'}‘oiis sul])liid«‘ in tliis rcs]M*ct. ()tliei’ sidphiih's of 
(‘obalt aic, th(>sc ol tlic fornndas (do., and (k)S.. 'I lir 
foi'inei’ is found in Jiatm'(‘, and is k)iown as linineib . 
Th(‘. latter oeenrs in cond)inalion with other sul])hi(l( s, 
as in cobaltite, CoS„.( 'oAs,,. 

Cyanides.- Cr)ba.ltons <'\'anide is an insolubh^ dirt\-ri d 
compound x\hich is foianed wlnm potassium (waiiidc is 
addc'd to a solution of a co])alt salt. It dissolve's in 'in 
excess of [)ota-ssiuni cyanide, foi’ining a donbh' ea’aniilt , 
lv^( ’o(( 'N Avliieli is analogous to ])otassiuni ferroeya- 
nid(‘. Wlnm tliis solution is boih'd the evanide is o\i- 
dizeal, forming a compound analogous to potassinin 
feu ricyanidi*, thus : 

2K,Co((^Nd -f 11,0 -I- O =: 2K3 Co(CN), -f- 2K0H. 

Tliis acts like tlie corresponding iron compound. Tin 
cobalt is not precipitated from it by ammonium sulphib ' 
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orsodiiini liydrnxide. Tliis coiuluct tmv/irds Dofjissinm 
,.v;iiijd<' (listin^mislK^s (*<d)alf from uickrl sails. 

Smalt. T1 h‘ Imjiutiful l<iH)\vri l)y tliis riamo is 

pssi'iitially a cobalt ‘^lass in wliicli cobalt takes the place 
of calciuin. It is made by Insilin^r componiids of eobalt 
with (iiiait/ and potassinin carboiiabs The fr];,ss thus 
formed is powdenal V(>ry finely and used as a pigiiient. 
It <]()os not change color in the sunlight, and is not of. 

frefod hy acids I'or by alkalies. 

Compounds of Ammonia with Salts of Cobalt.— I n gr-n- 
irah wlieii solutions of c(d»alt salts in aiiinionia aia^ (-x- 
jiiiscd to tlno air th(‘y nmlei’go oxidation, and ooniplicated 

^alls aia> formed. In the case of cobaltoiis chloride, 
llic first p‘’'»<lnci formed is ono of the comp, .sition 
^ ^ ^ ^ aid 'll b which IS known as <h<‘ji r(t~(‘i>h<ilf ir 

rll'iridt', .Vt th(‘ same tinn* another comjxnnid of tin* 

I'l an I M )si 1 1 , )!! ( o(NH,id 1 ' 11(1, known as p/v/\ee-ce/>e//ni 

■ l:lnn'le,U fonued. If a sululioii ,4' n .lialtoiis i-liluridc in 
'■-ia',a,1ratr.t aiain.uiia is I,, staii.l l.aimM' (I, an is 

|■';|aMV,l to r,„au Hn. invoalin^ r. „mim mini, .n' if an nxid- 
wn'4 a^.mt, is iisml, Urn i,v,„l,n ( Ims tlm mmiiM.siliim 
1 , IS kin.wii as /mr/miv,,-, vhltnidf. 

Ainl, riiiallv, liv fui'tlH-i' a,-(iuii .,r ..Ni,li/.ii,o- a-mils, hdi^o- 
<'hlori,lr, ru(MI,|,('| , is foniiml. It will l’),. 1 , 1 ,- 
-' I'vil that tlinsc ci mi |>( minis foi iii a senes, the nipinliors 
a "lin-li dill’er rnmi <me an. if her hv XH, or a multiple ; 


'"'Mljd'r; (.'.nXir, CotXirjw'I.; C.itXH.j.cl.. 

I'll. V iiiav he iveanled as made up of eohaltie eliioride 
'""I dilleri''iifc iiumliers of mole.mles of aiiimonia. Tu 
•‘.a.ird to till! iirst on.', it is siinjih'st to e.msider it as 
'"'■dot^nms to tlio mereur-ammoiiium compouiuls (see 
i (>ddr Aeeoidinel y. ft is usually I'epreseiited ,^3 
'I' nved from threo moleeules of .•immoiiiiim eliioride hy 
" snhstitutioii of a trivahmt atom of eohalt for thieo 
li.vtlidgmi atoms. 

hen ;l solution of cobaltoiis chloride in ammoida, 
yi'di has becoim^ red by contact with the air, is tr-ated 
fhe ordinary bmiperature with concentrated hydro- 
''lic acid, a brick-rod precipitate of rofieo- eohaltie chlo- 





ri'i 

wliic^li li.'is saino coiiijiosition ;is |)urpur»'() n., 
l)a.ltic chloride, Co(Nll^)/U 3 , witli ;i molecule of ^vat(‘l, 
is formed. 

If ill the ahove reactions the nitrate or sul})hat(‘ ol' 
cohalt is us(m1, nitrates and snlphati^s corri'S])()ii(i in^ to 
tlie c'ldorides mmdiomal art' ohtaim'd. 

Thus: 

/i ( }S( ‘o-sftifs. Ijiilco-sdf/s. 

XicKia., Xi (At. Wt. 08 . 21 ). 

General. Nickt'l (litters from cohalt in r('S|)('ct to ilu* 
dilhculty with which it forms nicht'lit* compounds mi; 
thos(' ill which it is trivahud. At tlu' same liiiu' it doM^; 
form an oxidt* ol tin* c()m]>osition Xi.O.,, and tins cons - 
s[)ondiny hydro\i(h‘, Xi(()ll),. In all other c( nn jioniids 
it is hivali'iit, tin' compounds h(dn;4 analogous to hnTous 
coni[)( )unds. 

Occurronco and Preparation. Niidod occurs nati\(' in 
meteoriti's. ddn' principal ndin'rals containing; it iim 
the ars('ni(h‘, NiAs, known as niccidih', and tin' snl|ile 
a rs('nid(', XiSAs or XiS . XiAs.,, known as o(n-sdoi'llit( . 
hrom tin' ori'S tin' oxide is ohtaim'd in tin' sann' w.iv 
that cohalt oxide is ohtaim'd from its ori'S. This is tlidi 
])i'ess('d in tin* form of small cuhc'S, mixed with charcesl 
powder, and i;j;nited. The commercial metal is <j^('in'ra 11 \' 
found in tin* lorm ot thesi' cnh(‘s. 

Properties. Xicki'l is a w hite metad with a slight ( .ist 
of yellow. Tt is very hal’d, and caj)ahle of a hieh jtoli-li. 
Tin* nnd.al in its oi’dinai’y condition is hritih', hnt afler 
treatment wdth a, little ma;^on'sinm it Ix'conn'S V('ry mal- 
leahh*. Its sjiecilic, ^ra,vity is S.V), and it melts at a, lii-’h 
ten! ja'ratnre. It is not chanps'd in tlni air; it, dissoh's 
slowly in hydi’ochhu’ic, and sulphni’ic acids, and readil} 
in iiiti lc, acid. Like iron, it is ma^on'tiia 

Alloys. — ^Alloys of nickid a-rt; ('xti'iisivid y used. 1 
(jrnfon or ( fcruKtnsil err consists of co[)p('r, /ini', and nicle 1. 
Aarious niidci'l alloys a.re usi'd for making coins, d tn‘ 
5 and 3 cent pieces in the United States arc made of 'i!> 
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Jilloy cniisistiu^ of 25 per cent nickel and 75 |),n- c( ut 
In Switzerland, and Ikd’^ium also, nickel coins 

;i0' US(mI. 

Other Applications of Nickel. V,csid(‘s as a constilncid 
,,f important alloys, nickel is (‘\t(Misivcly used at \>r(m(>nt 
ill nickid-platnip;. lrt>n okpads av(‘, coveivil witli a thin 
]:i\(M- ol tile, metal for tlu' puvpi)se of pmtcctinn; tinnw 
Iroiii riistiim;. 1 he platiim; is accom jtlislHsl as silsan- 
j)latiiip; and co])])(U‘-plaiiiyn: ari' 1)\ means of electro! vsis, 
a hath of iiiclo‘l-aiiinioiiiiii)i sulphate Ixuiir;' used. 

Niekolous Chloride, NiCl,., <'rvslalliz('S from aijiuauis 
solution M itli si\ uioh*cuhm of w at<*i‘, a ml the cr\ stals arc^ 
When fh(^ \\at(U- of er\ stalli/.alioii is (h'i\(ui off 
(Ik'V l)ecoui(^*y(‘llow. lii i^ern'ral, iiicki'l salts, with theii' 
M;ihu‘ of ei'ystalli/atiou, aia* pineii, ami in the aidiNalro’m 
coiiditiou they ai'(‘ \(‘llow. 

Niekelous Hydroxide, NiiOII),, is foruKal when a nickel 
salt is triauh'd with a soluble h\ ii:(>\id(‘, and is a 
iiisoluhh' suhsta iic(>. M lieu lu'ated it is con \ nrti'd int( 
tile on 'ell oa'u/r, N i( ). 

Nickelic Hydroxide, NiiOII);:, is juveipitated as a Mack 
jiowdm- when a solution of a nickel salt is ti'eati'd with 
■Sodium h_\ po(di loritc. 

Cyanides.- Wlieii potassium cvaiiidi^ is adihal to a so- 
hdioii of amickol salt, nickrd cy aniih', Xid'Ni,, is precijii- 
kilfd as a substance. A\'ith an <‘\coss of 

I'olassiniii (‘\anah' this forms IIm' sail, Xi( ( ’X » .‘2K ( 'X, 
^dii(di, owino p, |he fact that nickidoiis salts ai<' not 
ntiivertial into nickclic salts hy oxidation, does not 
riidm-jyo cliaupa' w lum boiled w ith potassium loaiiidc'. 
h lion li v(i rocldoi ic acid is addl'd to a solution of flu' 
*k'iihl(‘ cyanidi', nickehuis c\anide is jiri'ci pitated. If 
hoilcl witli ])i’('ci|)ita(ed imu'ciiric oxidi' tin' doubh' cv- 
'I'lide is decomposi'd ami nickel oxiih' is thrown down. 

Nickel Carbonyl, NiiCO),. ddiis interesting compound 

I'u rmMl whmi lbiely-di\ idml uickid, such as is obtaiiu'd 
lediiciue nickel oxide lyv hydrogen at about dOO’, is 
■^lk)\vo(l to cool ilia slow current of carbon monoxide. 

pnis is formed which can easily be condensed, its 
^niling.pobjt being 43°. At —25^ it solidities forming 
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iieeclle-sli, ‘ 11 ) 0(1 (‘lystiils. Wlientlie j^jis isp/issi'd tliiOMidi 
ii ]ieat(Ml iul)(‘ pure uickel is deposited. Ad\;iiitap(‘ of 
this fact is takiui for tlie })urpose of ])r(^pariu^ [)ui(' 
nicked ou th(‘ ]ar<^(' scak'. C\)l)a.lt does not foiau a coin- 
j'oiiiid of tliis kind. 

Reactions of Cobalt and Nickel which are of Spoeml 
Value in Chemical Analysis. — d'lie l eaciions with tlu' sol, 
vhle hydroxides liave laam ce\[)laiiied. AVitli <innniyin/nii 
mljjhidc botli give black sulphides, which are not easib 
dissolveal by dilute hydrocddoric acid, h'roin soluticiis 
ot th(‘ a(‘(da.tes hydroyni s/i/pidde ])i'(a'ipitates tlic' snU 
]diidcs, Niedod siilplii(l(‘ is slightly sobibh' in aniinoi iiim 
sulphide, and tlu' solution has a lirow jiish-Vidlow coloi', 

d'lu' aedioii of lh(‘ hy po(dilorit(‘s upon solutions of 
nicked and e'olialt salts has be'cn e'\[)laineel above', d lu' 
ie'acti(»ns with potassium cyanide* have' also be'e'ii (a- 
plaiiK'd. ddu'se' iuruish a good nie'thod for se'paratiiiL,^ 
t he' t wo uie'tals. 

\\ he'll a solution of po/exx /’///// )iifrif(> is adeh'd toasolio 
tioii of a cobalt salt containing fre'e acetic acid or nitrir 
acid, a [)r('ci])itate‘ of cobaltic ])olassiuiu nitrite' is foriiK'd. 
d'hi s is a coni}»ound of cobaltic nitrite', ( k){N( )„),, and potns- 
siuni nitrite', of the* coni])e>sition Co(X( )h),.dKX(),.. Idio 
lormation in\e)lves oxidation of the', cobaltous salt, and 
this is edfe'cte'd by some' of the' nitrogen trioxide which is 
s('t fri'e'. Thus with the' chloride the action may be i'( 
re'sented as fe >1 lows : 

CoCk, 1~7KN(), I = 

2K( T + ( h>(N( b),:;KX( ), f 2KC,llS\ + H,0 -f- XO. 

Xickel doe' s not form a similar compound of a nied\eHc 
'Salt, but sim[)ly forms a doubles nitrite', containing Iht' 
nicke'loiis salt Xi( X( ),g. l KNO,^. 

Cobalt compounds color the be'atl of mie'rocosmic s.dt 
])lue both in the re'duedng ami oxidizing flame. Xiekel 
colors it re'delish brown in the oxidizing tlame when Ind, 
and pale yellow when cold. In the reducing flame h 
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EL1:MEN1\S of FAMII.Y VIII, SUB OKOUP B: 

liUTlJENlUM-KllUDlUiM— PALLADIUAL 

ELEMENTS OF FAMILY VIII, SUP. (IROUP 0: 

• OSMIUM— IRIDIUM- PLATINUM. 

Gcnoral. — tlie ineinl)ors of tlio tlireo sub- 
gynips of L'aiiiily A’llJ, uitli nT’eroiice to tlieir ntoniic 
weigliis and speoilic gravities, we have the following re- 
trarkable table: 

Fe Co Ni 

At. ^Yt. 55.6 At. AVt. nS.P) At. Wt. 58.21 

S[). (Jr. 7.8 S[). (Jr. 8.5 8[». (rr. 8.S 

Ru Rh Pd 

At. AVt. 100.91 At. Wt. 102.28 At. Wt. 105.56 

Sp. (Jr. 12.26 8p. (Jr. 12.1 Sp. (Jr. 11.5 

Os Ir Pt 

At. Wt. 189.55 At. Wt. 191.66 At. \\ t. 198.11 

Sp. (Jr. 22.18 Sp. (Jr. 22.12 ’Sp. (Jr. 21.50 

It will 1)0 observed that tlio atomic weights and s])eeitic 
gra vities of the members of 4.'aeli sub-gi'onp are approxi- 
iiiafdy tlic same. Rut just as there is a. gradual ehango 
ia ilie cliemical conduct as wc' ])ass from iron to nickel 
ui ilie iron group, so a similar gradation of pro])erties is 
ol)M'i’ved in the other two gi’oups. As far as the variety 
"I (‘ompouiids wliich they form is coiicerned, rnthcmium 
Jiiid osmium are more lik(' iron than they are like rlio- 
'kiifii and iridium. Furtln'r, rliodium and iridium re- 
^t iiible each other, as regards the variety of their com- 
P"iiiids, ]uore closcdy than tliey resemble palladium and 
pl o ilium, and a similai' r(‘send)lance is noticm] betw('(ui 
pall;i(1iuju and phitinum. These relations will a])])ear 
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more clearly if tlie formulas of some of the })riii(*ij);i} 
compouiids of the elements uuilor consideration aio 
placed together in a table. 


Ru uiul Os Rh aiul Ir Pd and Pt 


RuO, 

OsO, 

EhO, 

IrO, 

PiK). 

PH), 

IlUuO^ 


Eli.O, 

lr,0. 

I’llO 

PH) 

H.,Ru(), 

H/)sO/ 

llhb 

IiO . 



RuO.^ 

OsO, 


IrCl, 

P.ICl, 

PH'l. 

Ru.,()3 

Os ,03 

llliCl, 

IrCl, 

PdOl, 

PtC'l, 

RuO 

Osb 


IrC], 



Ru(d, 

()s(d. 





Ruth., 

()s(d3 





RuOl, 

OsCl^ 




• 


Tlie eleiiieiits ruthenium and osmium liave a more aciilic 
character than tlie others; just as iron lias a more acidic* 
cliaracter than <*obalt and nickel. Ruthenium forms imt 
only riillieiiious acid, IRRuO.,, which is analogous to 
ferric, cliJ-oinic, and jnan.i;anic acids, but also ])errii- 
tlienious acid atialoocuis to )MM*nian^anic acid. Osniiiiii! 
forms osniious acid, H.,()s()^, but apjiarently no ])(U’oS“ 
mious acid. Tin* lii^liest known oxidi's are (h'rived fioia 
these ('lenients. ddu'se; arc* tln^ tc*tro\id(*s, RuO^ and 
OsO,, in wliicli the (*l(‘ments a])])('ar to be octovad nt. 
iN(*itli(ir rliodium n.or iridium forms acids. As fai* as t licii 
oxides and clilorid(*s arc* conceruc'd, tln^y siiooest maii,e;i- 
nc'se more* thau an\ cdlnu* el<*m(*nt, but llitdr oxid(*s liax'' 
only weak basic projiertic'S. , Ikissinj^ iinally to tin* l;ol 
pair, palladium and platinum, we hud that tlny\ liavc* ii'^t 
tln^ power to foi’ui oxid(*s of the oein'ial formuhi i\Id t, 
but that they act as the nn*ml)(‘rs of Tamily 1 V do c itli' i 
as lu\al(‘nt or quad rivah*nt (d<*nn*nts. Palladium, to lx 
sure, forms a comjiound, the sub-oxides Pd./), wliicli 
like tin; oxide; of silve*!*, Ag/), ujid in which it a])])<'ars to 
be univalent. In fact the memliers of Pamily ATII form 
the connecstin^ link between tin; membei’s of Pamily ^ II 
and those of Pamily F. In nuingaiiese, as we have; sc'om, 
a maximum of power is reacln‘d as far as the A^'ilencc m 
concerned. It forms compounds in which it appefis i<^ 
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lu. si'^Uivalewt, i|\\;vdviviiVut, iiivalc^ut, and 

]>iv;ilout. AV\\inv\ve pass to mm, kowa^vta*, we dud tliat 
it is not septivaleut, lu its most complect foiu^Hmuds 
this (donuMit is sc'xivjilr.nV, :is in [(nvu-, acid, ti.FcO , 
l.ni it ants pnd'tM-adly as a trivalniit or ji bivalent 
.‘Imiieiit. Then, l‘uvtlier, as \v(‘ lia,ve‘ sc'eu, eoljalt forms 
;i few^ eom|)()un(ls in wliieli it is trivalent, hut it is 
j^tnun'ally hix'ahuit, and nii^'kcd is scaix'nly (‘vnr trivsilrnit. 
Ill its c*()ni])oun( Is nmkel ic^smii hh's eopj^a r in the cii[)ric* 
rompoiinds, and eojiper is tln‘- next cdcmient in tin; order 
of iiicrtsasinj^- ntomie widi^lits. Ihit coppor Ims an ad- 
(litiomd powiir wldidi allii^s it to the nnnnhers of (Ironp 
A, baniily I. it acts as a nnivahmt (dimunit in the 
cuprous eompoiinds. 

Now, in th(^ sannc. way, th(‘r(‘. is an im'r(uis<‘ in tiie 
coinpli'xitv ot th(' ('oinponnds fornuM] hv t In' (d(Miienis, us 
W(' pass trinii /ii’eonin in, to ni<>l)inni, lo mol \ luhnnim, and 
hi'low muiipanese in hamily \T I w<‘ should ('xjx'ct to find 
;iu ('Imm'iit lormini;' (*<)m])onnds w hieh in j^i'in'ral resc'iii- 
hli' thos(‘ of man<^;im'S(', and Ic'adiiii; n]> to I In' octovuhmt 
ch'iiK'nt rutln'idum. (^)nsl(h'rin^■ the r(‘laln)ns lM‘t\\('('n 
ifon and rntln'iiinm, oiu' is tempted to snspi'ct that 
this unknown ('h'lneid muv exhibit a vuh'ne(' of nine 
ill SOUK' unstabh' eompoiinds. W liih' rutln'iiium is oe- 
to\ahmt in its highest (>\id(', it is also se]»t i\ a h'lit in 
IIIluO^, S('\i\alent in ll.llid),, ([iiadri va h'lit in Iviit).,, 
trivalent in lin.i),, and bivah'iit in JlnO. ilhodinm, 
how('ver, is only (jnadrivah'iit, tiivah'iit, and hivah'iit ; 
'Hid palladium is p nadri\ alent, bivah'iit, and nnivah'id. 
'bist as ni('h('l h'ads naturally to eopper, so palladium 
I' uds naturally to silvc'r. 

In r('<^ard to tlu' si'ries to whiidi osmium, iridium, and 
phitiniini Ix'lonp;, not as muidi is known as in r(\ua’‘d to 
tli(‘ si'i'K's just lU'h'iia'd to, though the thrm^ (denn'iits 
<h(‘ms('l v(‘S hav<^ b<>(>n carefully studiml. ddiere is here 
'hs('rv('d the sann* fallinpj otf of valence powi'r from os- 
Jiiiniii to jilatinum ; a.nd just as nitdvcl h'ads to copjier, 
•Hid palladium loads to silvi'r, so platinum leads natio 
I'ully to e()ld in Ibimily 1. 
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The PLA^riNUM IVIetals. 

Tlie six f)lemeiits of Sul)-( iroups 1> and 0, Tamil v 
VTIJ, avo ^oimrally ^i(>n[)ed i()gi‘tli(n' and spokcm of as 
tJie platinum medals. Tinyy oe'cnr togedJmi- in natn](', 
and alniosi always in alloys, iid,o tlio (‘omposition of 
wJiicli all (uitor. Tlie (*ld(d‘ oonstitumd. is platinum, 
wliicli is pn’esont to tim oxtent of oO to*«S() pen’ c'lnd, and 
o\(n', Idm alloys occni' in only a low localities, in iIk' 
Tral Aloiinlains, in (knlifornia, Australia,, llorneo, and a 
l(‘w otlit'r plai*(‘s, and form small ]iicc<‘s wliicli arc mixt'd 
with sand and m-irtii. I’lu'x ^cmu’ally c'ontain also i;o]d, 
iron, and cop^xu-. Palladium ocerns, fuithcr, in a ^old 
ort^ xxliicli is found in l>ia/il. 

Metallurgy. —The pi-oce'ss foi- oTtainini;- th(‘, jmdals 
from tin' oix's is hasml mainly upon tlK^ following fads; 
ill (lohl is solul)h' in dilute (tqxd whih' ])latinmn 

riMpiires comamtraded ee///f/ >vv//u ,* {2) ]datinic (diloride, 
Pt(d,,and iridium chloride', IrPl^, form, with ammonium 
(ddorid(', ditlicultlv soluhh' compounds of the formulns 

(Ml.),lM(dd IM(ddJNTfAdiand(Nd[;fdr(d,dr(d,.‘TNlll^ 

\\ Ik'ii tin'se ('omjK)unds are' ij^idte'el, tln*\' ait' comphdedy 
docoin post'd, ami the' mt'tals aim h'fl bt'hind. W lit'ii, 

1 lit'rt'fort', ])latinum-t)ie has bt't'ii frt't'tl as far as jiossihit' 
fioin sainl and ('arth, it is first tre'alt'tl with dilute' ue///n 
whit'h rt'iioves the- jj;ohl, and tht'U with cteiict'io 
tratt'tl rctjin^ which dissoivt's the* platinum teege'tlicr 

with a little irielium, leavin'^' an alloy e)f irielium ainl os- 
mium. 

Win'll the solutieeii thus eihtaine'tl is ti’e'ate'el with 
aiiimonium (‘hleiriele, l)e)th nu'tals are pre'ci[)itate'el ; ami 
win'll the preci])itate is ij^iiite'd, both nu'tals are h'ft lx ■ 
hiinl in the form eaf a spe)nu;v mass, ddiis ceinsists, he)X\- 
eve'r, almost wlnillyof ])latinum, the aaneiunt e)f iridium 
be'iiig vewy small. 

PitrniKMrM, Pu (At. W t 100.1) 1). 

Preparation.- liutln'iiium is e)btain<*el freim the resielm 
wliiedi is left unelissolveel wheui pladinum-oro is treate d 
with eemeentrated nitro-liydrotddorie acid. 
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Properties. When lieiitcnl in ox^^geii it hums and forms 
tlie oxide, lluO„. It is insoliil)le in tlie stronj^ acids, and 
( ven in nitro-li ydrocliloric acid it is almost insoluble. 
Owin^ to its power to form salts of rnthenioiis acid, it is 
dissolved when heated with |)otassium liydroxide and an 
oxidiziii}^ apent, siudi as saltpidcu- oi- p(tta.ssium (ddorato, 
and afterwards treat('d with water. 

Chlorides. — \\dien Inaih'd in (dilorine it forms tlu' di- 
chloriih^, liuCl.,, and some of tln^ t richloriih^ liuCl,,. TIk^ 
t(d rachloridc^, llutd,, is hiiowji in (‘ombination with chlo- 
rides of the alkali nudals. 

Oxides. W'Ik'ii ruthenium is h<'ate<l with potassium 
hydroxid(i and saltp(d(‘r, rKlfifnilv, K JluO^, is 

formed. The acid fi‘om whiidi this salt is dei'ived is 
plainly rutluMiious aeid, llJtuO,, and this is ladatral io 
tli(‘ o\id(‘, l{u()^. N(‘ith('i‘ th(‘ acid nor tlu* ajdi\ drid(‘ is 
known, liowcAer. WTnm llu‘ solution is treated with 
cldorim' tin' first product is pofftssinni jwrrnfhevife^ 
Ivliut),, \\ hi(di lornis a dark ^ixm'U solution, and is iso- 
iiiorphous with potassium ])ermanpanate and potassium 
})('i-(diloi’at('. J>y fiirtlnu* treatnumt of tln^ solution with 
a rapid cunxuit of (dilorimy nd Jmii ft ni pcroxidt^ ItiiO,, js 
loi'iiK'd. This is a V(datile crystalliju' solid, \\ liicli aj)- 
|)ai'(‘ntly is not acidic. It is ('asily ixaluced to tin' sr‘s- 
<juioxid(‘, liu,/)., ; and, it Insati'd, it is decomposed with 
ex])losion. 

Th(‘, oxides of the formulas ItuO.., liu^O^, and lluO are 
iiot basi(;, and do Jiot dissolve in acids. 

Osmium, Os (At. \\T. 189. an). 

Preparation. — .\s stated abov(% this ehumuit is left un- 
dissolved in tlu* foi ni of an alloy with ii idium when ])lati- 
i.iim-oi’e is tix'atial with conc(uitrat('d nitio-hydrochloric 
•leid. In order to sej)arate it from the iridium, advan- 
hi”e is taken of the fact that it forms a volatih^ pcu'oxide, 
similar to that formed by ruthenium, xvhih' iridium 
do('s not. 

Properties. — The metal doi's not melt at the highest 
hnn])eratures reacdnal artificial ly. It has the liighest 
^petitlc gravity of all known substances ; is easily oxid- 
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ized wlioii ill iincdy divided ('oiulition ; ;iiid is converted 
(diher l)v the o.vyi^eii of tlie :iir or l)> nitric ;icid intd 
osnunin ])(n()xide, ()s()^. 

Chlorides. Tln^ (/irl/loridi-^ and tii(' Ivl raclilorith ^ 

(>s('h, ai'e formed l)y tri‘atinjj;- tln^ metal with cldorim . 
L'ln' / ri<‘Iilnrnl(\ ()s(M.,, is not known in frt'c condition. 

Oxides. 'rh«‘ ?net;d as Avcdl as tin* oxides foiaiis tlu' ju r- 
o.rtdc, ()s()^, whmi ln'at('d in th(‘ aii'. d’his is also formed 
l)y treatini; a IneatiMl ndxtnre of sodium chloiidc- and tie' 
alloy of osndum and iiidium witli chlorim^ and waits' 
\a|)or. It is commonly calhal o,s//oV‘ ec/d, thoudji its acid 
})i'()]anties art' vt'ry wt'ak. Lik<' riitln'idum pt'i'oxide it 
IS volatih'. It snhliiiK's in colorh'ss, lustrous nt'edh s, 
and hoils w it hold ih'com [)osit ion at a tt'iii ] M'l’at urt' a lit lit' 
al>o\(' 10(1 . It has an iidt'iist* odor similar to that olr 
(diloi'iiu', and its \a]>or attacks tlu' ('AS'S and r('s|»iratoi'\ 
tti'Ltans soiiK'what in tin* saiiu' way that chlorine dtx's. 
It dissol\('s slowly in watt'i', and rt'dnciii^’ a;_;'('nts |)i‘e- 
ei|)itat(' tilt' iiK'tal h'om I la* st dnt ion. A solution of osiaie 
acid is used in microscojdc work. W lit'ii injt'ctt'd into 
tln' tissiH's, tilt' jiarts ai'<' hai'dt'in'd and ctdored. 
ri)liissinm nsnnh'^ K. Os( is toinn'd w h(*n a sointitm o! 
tilt* I x'roxith' in potassium hydroxide is trt'att'd with a rt*' 
iliieiiid a_L:;ent. It is easil\ decompost'd in watt'i' solution. 
- 1 he oxides ( )s( ), ()s(),,, and ()s„()^ ha.\(' iK'itlu'r acid 

nor liasic prttpt'rl it's. 

111101)11 .M, I eh (At. AVt. 

Mhotlinm lias no acitl |H'op<n'tn'S, and does ]iot form a 
la roxide to rrespond i n^i^ to those' of ruthenium and os 
niinm. ( )n the otlu']* haml, its oxidt', Hh.,(),,, is basic 
riio chloride Klit'k, is readiU' fornu'd^ and it is doul»t 
ini wlu'tlu'r the di- ami let ra.tdiloiidi's have' het'ii maile. 

IniDii M, Tr (At. \\ t. 101. (>(>). 

Preparation, ddn* extraction of iridium xvitli ])lati 
iiiim and with osmium from platinum-ori^ was ri'lern c 
;> al)ov(‘. In ordtM* to st'paratt' it from platinum, ad van 
ta|^(' istakt'ii of tin* fact that it forms a tricldoi ide, Ift'l 
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\v]n\‘li with HTiiiiioiiium (‘hlorhh^ gives Jiii enslly S()lul)le 
(|(»iil)l(‘ elil()ri(l(\ Tli(^ rediietioii is iU'eoinpiislKsl (htli('r 
hy tli(‘ tih.raeliloritlr for sonK'tiiiH^ at 150 ^ oi- Oy 

ti('atiiig tlit^ iiisol doiihlc'. cliloih 1(‘ in wat(‘r with 
liy(lrog('ii siil])hi(le or with sulphur dioxidt'. hhoiu os- 
iiiimii it is S(‘parated by trc'atiiig w itli moist eliloriiie, 
w h<m, as stahal above, tlie osmium is eoiiviutnd into tlu^ 
j)m‘o\id(y w liiidi ladng Nolatih^ ] »ass(‘s owr. d’lm r(‘sidu(? 
I'oidaiiis the ii-idium iu tin; form of tlu‘ bdraeldoridcy and 
(his, wluMi treatcal with [)otassiuin cldoridcy forms the 
(litlieulty s<duble eh loriridato, K.dr( -]„. 

Properties. liidium has a gray isli-w liite eolor, and 
rt'sem bl(>s polisluMl sb'el. Its speeilie grawilvis lu'arly 
tin' saiiK! as that of osmium, l)eing 2li.l2. It is liarch'r 
iiiid morci brittle than platinum ; melts at a Jiiglier tem- 
j)eraturo ; and unless it is iiiu'ly divided it is not dis- 
suIvpaI by niti’o-hydrochloric acid. When heated with 
]»()taiSsium liydi'oxidt* and salt]>et(‘r it is (‘onveitcnl into 
t In' oxid('. 

Chlorides. — \\ In'ii liin'Iy divided iiidinm is tr<'al(‘d 
witli idtro-iiN'droehloi'ie acid it is eonv<'rt(‘d iido tln^ 
Id r<i('ltft)ri(i(\ lr(d,. W’lnm tin' sedution of tlnr t('lra- 
rhlorid(' is In'ated it gives oil eldoriin', ainl i\n^ d 
I r( d.,, is lornu'd. ddn* f rtclilornlc, lr('l.,, is fornn'd when 
tin' metal is heat('d in eldoriin' gas. Jiolh tin' ti'ti'aehlo- 
J'idc'aiid tin' t l ieh lorid<' form donbh' salts w itli tin' ehlo- 
I'idcs ol th(' alkali nn'ials. d'hosi' will) tin' fi'tiaeh loi’ide 

li;iv(' tin' g('in'i-al formida I’Cl,,, oi- IrCh.^JAUM; while 
those with tin' t riidi loriih' havi' tin' gi'in'ral foi'inula 
51 ,, I !•( '1.,, or Frt ( '1. d'ln' latti'r art' all solubh' in 

water ; of flit' formt'r, tin' potassium salt, KJi’C'],, and 
the ammonium salt, N H ,, )J r( 'b, art' almost insolubh' in 
w att'i-. 

Oxides, ddit^ oxidt'S hawt' nt'itht'r aeitl nt)r basic proji- 
' ctii's. Tht' oim nit)st t'asily tddaint'tl is tin' tlioxidt^ 
lit),, ddn^ liydrtixith's, IriOll)., ami li(()ll),, ait' ob- 
taint'tl, tln^ itirnit'r as a, black anti tht\ lattt'r as a blnti 
I'rt'cipifntt', by treating the ehloritles with jiotassiuiu 
li vdroxide. 
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PaliuVdium, Pd (At. Wt. 105.56). 

Preparation. — The chief source of palladium is .1 
Brazilian j^old-on'. Prom this orc' th(‘ metal can Ix' 0 ])- 
taimal l>y vai'ioiis metliods, oue of Avhicli consists in 
meltin^^ it to‘ 4 <dlier Avith silver, and tlum tri'atin^^ it wiih 
iiitiie acid, wIh'ii tiie silver and ])alladium dissolvt', and 
the yold rmiiaias um iiss( )1 v(m 1. ddie silver is [)recij)i{ai(Ml 
as chloride and th(‘ palladium as th«‘ cyanide, and wlnni 
the lattei' is iyiiitcMlit is <hH‘om])os(Ml, hnaA’inj^’ ])a1la(1in]n. 

Properties. Palladium )(‘send)l('s iridium and plali- 
num in a|)p(‘aranc(‘. Its sjx'citic j^ravitN' is oidv al>oi]t 
half as mrmat as that of platinnni, Ixun^^ 11.5; it is nioiv 
(\-isily fusil)l(' than platinum, and dissoha's in nitric acid 
ami in hot concr‘ntrat<Ml sulphm ic add. d'lu' prop(‘i tv 
of palladium whi(di has p(U’ha])s attracttnl most rdteu- 
tion is its ])oav(M’ to ahsorh Iiydi'oi^uui, and form- - 

Palladium-Hydrogen. — Tlie foj-mation of this com- 
])ound was ]‘(d'e]r(‘d to und(*r ItAal rog<m ('vhi(di scay. ddic 
ca)ml)iiiation takf's place (»v(‘n at tlu' ordiuai’y tempeia- 
tiire, hut ^ Ix'st at 100 . If tlu' nudal is hrought into 
liydrognm at this tern j>ei’atnr(‘, it ahsorhs ijiore than 000 
tinu'S its A’olnims forming an alloy of tlu^ comp)osit ion 
Pd,,|[. ddiis alloy has a great<‘r Aa)luni(‘ and lower spc- 
citic giaivity than the ]>alladium from Avhicdi it is foinied. 
At IdO ' it hegins to (haamiposi' inudu’ tlie atmos])licri 
])ressnre, hut continued hmating at a real luaat is max > 
sary to de(a)m])ose it (a »iu])let(dy. if allowaal to lie in 
(a)nta('t with the air lli(‘ liydi’ogAui is oxidized to nal(‘i. 
Palladium-hydrogen acts as a strong ixalucing ageiil. 
tlu' liydrogcm whi(di it gives up being ap|)aa(mtl\ in tlie 
nas(auit or atomic (a)ndition. 

Chlorides.” \Vh(*n palladiuTu is dissolved in conceii 
tratial nitro-hydroeddoric a(*i< I it is (a)nv(‘i t(al into pn7/m//c 
('hlori(h\ Pdt^h, Avhich with the cldoidih^s of the alkali 
metals forms douhle salts similar to thos(^ foianed hy 
ii‘i«linm tet]’achloride, a,nd, as Ava' shall se(% l)y ])latinic 
chloride. The tetrachloride is (hna)m[)osed ])y evapo 
ration of its solution, giAung up chlorine and leaving ])ai 
ladious chloride, PdCl,^, Avliich crystalliz(‘s, and form: 
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iIh' clil()ri<U^s of tlu‘ :ilk;ili metals iloiiLle salts of the 
i;.l formula MJMCl., or 

"" Oxides. -The point of chief intcucst piescmted ])y the 
,,v;i,l,.s is that in one of tlnnn, tin* sitho.rijh^^ Td.Th thn 
iii(‘t,il ;ii)[)('ars as a. univah'iit oh'incnt, 'rin* dioxide; or 
(>.ri<h\ IMt)., has indthcr a«'id noi‘ basic propci;- 
lirs. Th\e mowoxhle, ov pnllen/nn'.s o.rieh^ IMO, huuns 
uiistahle, salts w'ltli aehls, an, i'Xaniple heinothe sulphate, 
IMSO, \ 

Ih.vriM M, in (At. Wt. 

Preparation.— A onunal idisi of tin* method of 
ci'dnre^ in (‘xtraedino ])latinnm from its ores was ^ivi'ii 
'll p. 7*J2. Tims pix'pan'd, h()\V('V(‘r, it always contains 
Iridium, and for sonn* pni’pose's foi- which platinum is 
iisi'd this is ol)j«*ctional)h'. In oiah'r to piu’ify tin* nnUal 
ad vanlaoi* is la k(m of tin* fact that ii-idimncdiloridi* can 
tic con V(U’t('(I into a trichloride*, whiedi with ammonium 
chloride forms an (‘asily soluble; elemlde salt (see* p. 
Tdo). 'The*, me'tal as ol)taiin*d by icidtinj^’ ammonium 
platinie^ chloriele* forms a ttr^ry sjum^W' mass know'll as 
i^lidhuiin. A\ Inui a sedailioii of platiinui^^ eddorielo 
is hoih'el w ith potassium hyelroxieh*, ami ah‘ohol uradiiallv 
adih'el, the* salt is re‘<luce‘el, ami the* platinum is ]n*e*e‘i pitate'el 
as an extreuie'ly tine; powder, kiiou ji as pinf 'mu in. bJaeJe. 
W he*ii sponoy platinum amt platinum black ai'e heated 
to fusion by the eexy hyelroge*n ilaine tln'v are ce)uve*rte*el 
into tin; e*( impact vai'ie-ty. 

Properties, blatinum is a. ^o*ayish-wdiite metal re- 
scmhlinu {Jolisheel ste*e‘l ; it e*aii ho elrawii out iido ve'i'V 
tine wire ; it melts in the* ilaun*. of the oxyhyelrouem bhiw'- 
I'ipe*, ainl W'ln*u he*ate‘el a,be)ve its melting-point it is 
\olatile; its specilic; «jjravity is ‘21.5. At white* heat it 
< au 1)0 welded. It is mat elissol\(*el by nitrie* ae*iel, live] re)- 
<‘liloric acid, mir sul])hurie acid, Init it disse)l\e*s in nitio- 
hydre)e*hle)ric ae'iel, tdrmiiiej the* acid, ll„PtChg. Tusinj^ 
alkalies, ami particularly a mixture of caustic ])otash 
aiiel saltpeter, act upon it; but tin* alkaline carbonates 
do not. Ill contact wdtii reel-lmt charcoal and silicein 
dioxide a compound of silicon and platinum is formed. 
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Finely divided platinum lias to a reniarlval)le extent die 
power of eondensin^ j^ases nt)on its surface. it ah- 
sorbs, for example, times its own volinne of oxy- 
gen, and otlnn- gases in a similar way. The oxygen 
thus al)S()Ll)(Ml is in a,('tivo condition, and if oxidizahh 
suhstaiict's an^ brought in contact with it tlievari' easily 
oxiili/ed. Thus when a current of hydrogeu is allowed 
ti) ilow against a ])i<H‘e of spongy platinum it talons iiixn 
owing to th(^ ])res(Uic(i cd the condensed o\\'g(‘n in I lie 
])()ri'S of the ])Jatinuni. Similarly, wlnui sulphui- dioxide 
and oxygen are allowed to tlow together oyei’ s[U)iig\ 
platinum, or eyen th(‘ com[)act metal, the two gas«\s mdh^ 
te) forjii sul])hur tiioxiihn 

Applications of Platinum. — The metal is of the gr(\il- 
i'st value to the (dnunist on account of ils power to resis^ 
tht‘ a<di()n of high tein|><nalures and ot most (dn'iideal 
sul )stanc«:‘s. it is us(mI in the labora loiw in the foi'iu of 
wiix', foil, ciai(dl)h'S, (‘vaporating-dislnns, tnlx's, (d(‘., efe. 
Im’oju what was said aboxa^ it cannot Ix' us(m1 xvilh 
alkalic's and sal(|)etei‘, nor with nit ro-hyd rotdi loiii*. acid. 
Llatinuni xessels, Inrthei*, should not Ix' placaMl iij)oii 
nal-liot r*harcoal. ]\[(‘lalli(' salts whicdi ai’e (*asil\ le- 
dneed, suidi as thos(‘ of antimony a,nd l)ismulh, should 
not be h('ated*in jdatinum y(;ss(ds, as the reduced 
meiits, lik(^ sili(*<>n, foian alloys xvilh tln^ platinum, and 
tlu'si', as a. rnhy ai-(‘ (nasily fusible. In IIk' concentration 
of sulj)huric a(dd on the large scah‘ ])latinum stills are 
us(m 1. The' pri(*(‘ of platinum is not as high as tliat of 
gold, but miudi higlu'r than that of silxa'ia 

Alloys of Platinum. — ddie onlyallox'of platinum which 
is (d any sjx'cial impoitance is that xvhicdi it foians with 
iri<liiim. A small ])e)-c<'ntag(^ of iridium diininishes tin' 
malh'ability of platinum very markedly, and nialo's it 
biitth'; it, ho\v('y(‘r, incr('ases its I’esistancc' to the aedion 
of reag(‘nts. An alloy of hO |)er c('nt ])latinum and Id 
l)(‘r cent iridium has Ix'^'u a,do|)te‘d by the French (lov- 
('innu'iit as tin'. br*st matcu'ial Irom which to make normal 
iiK'ters. This alloy is very hard, as elastics as steel, nioiv 
ditlicultly tusibhi than ])latinum, entiiady uindiaiigf'abh 
in the air, and is ca[)abhi of a high ])olish. 
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ChlorideB.~I.ike pallaamm, platinum i\>rnm two ehlo- 
rnloB, plaUnom rldoride, and platiudc ddnridc/Um,. 

ilio latter IS loniiml wlnm pliitiniim is dissolved in aqua 
rrqin, :vml tln^ solution evapoi-ntod to dryness. From its 
...lidioii in wat.u- it (u vstnl liz(^s witli hm or live molecules 
ot \vat(u-. It is s()lul)l(‘ in ulcoliol us \v(‘ll as in Avuter. 
1 \ lum lli(^ (l]*v sul)sta,n(‘e is h('at<Ml for some lime to 
.^->0 , it is <l<H*om j)os(‘d, A'i^ddinj^’ platimuis cli loi’ide, 
wiiicli is a, j^r.-ivisli-'^reeii ])o\vder iiisoIul)](‘ in water. 

Chlorplatinic Acid, Il.PtCh, is foriiK'd hy diivct union 
of ])latiiiic clilori(l(' witli liy(lroclilo] i(‘ .ici,]'. Jt crvstul- 
h/es willi siv mol(‘cul(‘s (d‘ wahu-, a iid forms ;i smics of 
salts c.alled tli(> (dd(>rj)/((f iiinfrs, to wiiicli reference Ji.as 
aio'ady Ix'eii m;id(\ d'liose most commonh' nu't witli 
ill tlie lalior.itorv a.r(‘ tln^ potassium salt, K./Ptd,, or 
FtCI^.‘2K( d, and tli(‘. ammonium s.alt, (NH^.Ftt 'I,,, or 
rt( d,,.2XfJd 1, lioth of wiiicli are dillicuKlv soluble in 
ANati'r, and .ai’i^ tlnutdon^ ])recipit.al<'d wlien jilatinic cldo- 
i'ide is addisl to solutions containin^^ potassium or ;immo- 
iiiuiii clilorid(‘. 4 Ik' so<lium sa,lt is (‘.isil sol ul>l(‘ in Avalei’. 
Many other ddoi platinatc'S are known, and main' ci \s- 
talli/e w(dl. ('onsidcn-ini;' tln‘ similarity in comjxesit ion hi'- 
tweim cldoiplalinic .-icid and tlnosilicic .-icid, tlu' conclu- 
sion seems jnstiru'd that tlu'v havi' tlu' same' constif utiom 
d'he ne-isons Avhicli h'ad to the Ix'lii'f that tlu' constitution 
of tlnosilicic acid is pi’operly repi’i'smited liy the formula 

f 

j (I'dlfT if pirohable tliat the constitution of 


dilorplatinic, acid should Tie represented l)y a similar 

roi 

I'lnnul.-i.re, 


Idatinons chloride like ])latinic chloride coinhines Avith 
'dlu'r chh)rid(‘s to form double salts, the ^enin'al formula 
"f Avhich is IVrjhOl,, or rtCl,.2.MCl. 

Cyanides. — l?I;itinnm forms a number of be;iiitiful 
double cyanides derived In^ni an acid of the formula 
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H,rt(CN), Of rt(CN):.2TTCN, wliicli should 1)(> (-all.,] 
('l/njipjtfl inoNs ((rid. Tt is analogous to the acid JVom 
wliicli tlie double ehlorides of j)latiiious eldoiide ao; 
d(‘ri\(Ml, Kf.rtCl^. ddiese cifanphdiiiitrs are easily oh- 
taiiKsl, and, as a- rule, nystalli/c' \V(‘ll and ai’{‘ Ix'aiiti- 
ful]\' eolort'd. The ntiajnrsniin s<df^ {- 

fonas (jiiadratie ])risins, tin' sidti faei-s of wliieli liavo ;i 
giooii inotallie liisti‘(‘, wliile th(‘ (*nd fae<‘s ari^ «h'('|> him . 

Hydroxides and Oxides. W lu'ii a solution of ])Ia(iiii( 
ehloi ido is ti'c^atral with sodium hydroxichy and attca w ai d 
Avith acetie arid, a, \vhit(‘ |>r(Ma pitale of phditiir h ijd roxidi^ 
TtiOll)^ 1 211./), is forniod, which whmi dihal al 10(1 
h)S('S \vat(M‘ and is (-(mvcrO'd into tlics hi-o\\n hyd foxidc, 
TtiOH)^. d'his loses wat<‘i‘ when heatial higln'r and 
convmted into the o,r/dc, In a. similar \\:\\ piati- 

iions hijtiro.ndr, P((()H) , and platinoiis o\i(h‘, lOt), arc* 
obtained from platimnis chloimhx IMatinic h\(lro\ide, 
Pt(()ll),, has acid |)ro[)(‘rt i(‘s, and forms a few salts ol. 
tin* gtMH'ral formula Al.,lh( of w]ii(di harinni plidimth . 
llabtt) , is the best known. Iditliidr at id, from whi(di 
I iies(‘ salts are d<'ri\(‘d, is [)lainly formed from platinic h\ - 
t.ii)\i(h‘ by loss of om* andeeule of watiU’, and Ix'ai's to it 
.dt‘ same |•(dation t hat ordinary siliide acid, lf,,Si( ), , bea i s 
to noi'iiial silicic aci<l, Si(/)]1),. l^hirtluM-, platinic acid 
a IK 1 chlor j )latinic aci<l ap|)(‘a,i’ to b(' analogous compounds; 
and the lattiu' may be regarded us <h'i'iv(Ml from the 
former hy r(‘piacement of tln^ thria* atoms of oxygen 
by six atoms of cdiloiim', as shown in the formulas 


IIJTO, ; 

rt^’ OI[ ; 

( OH 


f(’l 

>t J ('I 

1 (Cl,)}! 
I iCl,)!! 


Sulphides. — ddiere are tAvo sulpliidc's of j)latiuuni w hich' 
ar(‘ analogous to the twu) oxides, PtO and PtO... Th(‘S( 
ar(' pf(di)f<)f(S sulphide, PtS, and pUdinir s}(fphid(\ PtS,. 
Th(*y aa ri black insoluble compounds, which are pjau-ij) 
itat(Ml wlien hydrogen sul])hide or soluble sulphides are 
addcnl to solutions of platiuous and platiuic ehlorides. 
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Compounds with Ammonia— The Platinum Bases.— like 
(.ok:il( salts, the salts of })latininii form a larg<! iiiimher 
,)f (^.,)iii[)()mi(ls witli aiuinoiiia. When ammonia acts upon 
solution of platinous chloride a. componml of the for- 
mula htCl.XNHa), is forimnl. Idiis is tln^ starting-point 
fia a s«‘ii(‘s of c()mt)onnds, as the hromide, Ttlh-JN K,'),, ; 
tlm nitrate, ^t(N(),U^^W..,X i the sulphate, lhS()^(NH;i^; 
(tc. 'there is auotiier sinh^s i)(‘o;iiiiiinp; with the cido- 
lido, ; another iu'^mnino with tlu' chloride, 

Pt('l,(NK.,h. All tlu' above an^tohe reoardrnl as d(* rived 
from platinous eldoride. Similarly there are otlne* series 
ohtaiued from platinie cldovidm ddie chlorides have 
t1u^ formnlas rtid^t^Hd,, IHC'htNhl,).,, It 

seems prohalde that these salts ar(‘, ammonium salts 
ii^ which a of the hvdrojLtim of tin' ammoninm is 

)'('pla.e(‘d V>y platinum. ddius the iddoride Pt(d,j(NHg), 

probably has the constitution Allhonoh a 

great deal of uork has beem done on these phitino- 
aiiimouium comj^oiinds, and nnudi int(n’(‘st ing informa- 
tion in J’egard to tlnnn has In'f'ii gaimnl, the subject of 
tlndr constitution is still in an unsatisfactorv state. 
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CONTAlNIN(i SPKl'lAL 1 )1 1{K('TI0NS FOR 
l.ABOKA'roilY WOKK. 

Introduction. — In nnln* to Ixm'ouk' f:nnill;ii' willi llio prin- 
I'iplt'S of (JlK'iiiisirv it is al)soliii(‘l y necessary that tlic student 
should d(‘V()te a ])art of his tinu' to work iji the lahoratorv — 
the iuor(' llu' Ix'ltei-. It is, fnidlHu-, nee(*ssary that tlu* lahora- 
t(M V work should be done with tlu' _i:re;ttest care. Fverv pit'ce 
of ap|)aratiis should lx* earefully eonstrueted. (he desk should 
he ke[)t clean and in Lfood order; and no work should be 
iihaiidoned until the* student is satislied thal. hi* has seen all 
there is to b(‘ si'en, and (hat he [las leai’ued all tliat the work 
e:iu b'iudi him. lie must h'ai'ii to use his own senses, and to 
hi lie\c‘ wliat he .'<ees. and nol simply “ whal tlu* book su vs. ’’ 
It sometimes h;ip[»(ms that owiin;- to the ]»eeuli;ir way in which 
:m experiment is peihhuimxl residts (jnile dilTei'ent from those 
:uitieipiit('d are obtained. I'mle)- 1 hese eii-enmstaiiees it is not 
advisable (o eouelmh' at oiieethat '“the book must Ix' wiauiu'. ' ‘ 
It may be; l)ut t he ])robal)ilil i(‘s ata' ai;'ainst this explanation 
ef t he (1 isei'ej)ancy. Xothiiti;' is more* instructive' than well- 
direeted elTorls to lind t lu' eaiisees of d illien It i(‘S. Sued) (dTorts. 
nioi’e i hail an vtldniT else*, elevedop the* spirit eif ti‘ue> seimit ilie 
impnry. It is advisable* ’leer tlu* s(nele*nt te) carry em the* woi'k 
loi‘ w hii'Ii dii’e'elioiis are* ^’ 1 x 0*11 be*low in e*emne'e’t iem w il h tlu* 
-tudy e)f (he book. A m>oel plan to btlleiw is (ei re*ad a e-haptesr 
wil h eare*; the*n to pe*rren-m 1 he* e*xp(*rime*nts whie*h are* iute*nde'el 
te dlusti'ate* that ehapte-i*, ami. while* eloinu,' the* we»rk. a^ain to 
’■' ad; anel afte*rwareis (e) write* e)nl an ae‘e*e>nn( eif what has l)e*e'n 
d"iie, notiiie (*ve*rvl hin;:; e)f importaime* e*xae*tlyas it was e)b- 
''''i'V(*d. If (*x p(*rime‘nts are* ne*(‘(*ssary te> ae'e'onnt Ibr ])he- 
'‘"lueiia ne)t de'se*ri be*el in the* be)e)k, the*se* sheiulei be ele*S(‘r ibeel ; 
•‘'id if a e’one'lusiem is r{'ae*he*el in re*<;arel teitlu'se phe'mmie'ua, 
till* (>viel e*m*e* U])on whie’h tlie* cone-lusion is base'el slueuld I)e 
' 1' U'ly state'd. It is emiv by |)atie*nt woi'k earide-el e)n in this 
'^‘iv that eine e*an hope* to re*ae*h a eh'ar e*e)ne*e*pt am eif the* 
ii(‘(\ But l)y siu'li work the* desinul result will be* re'aehe'el. 

[TSS) 
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Progri'ss will scon slow at first, as it always docs in n new hiIi. 
j('ct; but in tiin(‘ the idoas will bci^in to ai-i'an^c thcniscUcs 
syst(Mnati(*;dly, onUa* will roino out of confusion, and in iIm- 
result till' cons •iriil ions student will lind a dcliirlitful I’cwai il 
for bis l:il)or. Itvcry i^rcal braneb of knowl(‘di;-c is nmdc up 
(d‘ details wbi(di are bound toL:‘ct her by <'(‘rlain broad i;-ovei in 
me- |)rinei[)l(‘s. It is iin|M)ssibl(‘ to avoid tb('sc‘ details. In 
order to undei’stand the !j;overn ini!' [)i*mei pb's tin* d(‘t;ii’- 
nmst bt' studi(Ml to sonu' e\ien t. 'I’liey form tlu' ra w nia leiua; 
from wliieb the so»aiee is e(mst laieled ; without tlion the 
seieiiee would bi' impt»s>ibl('. As wt‘11 mielit»)ne hope to learii 
a lani;uaue by >tudyiiyu' its y^rammat ieal rules and avindiny ihu 
details of the ima-e woials, as to h-arn (dnanisti’y lay stud\iiiy 
the laws and avoidiny; contact with the thitigs to whiidi tlie^e 
laws have refeiaaiee. 


J:XIM:KLME^’ TS TO A(( O^fPANY ( ilAPlKK I. 

( hi IlM K A I, (.'llANCi: ( Al Sia) IlY llKA'r. 

Experiment 1.-— fn a el<‘an (Inj i(‘st-tub(‘ put. mioiiyh wlihia 
suyar to make a lav(a‘ [ to .1 an imdi thick. Hold tlii' tiil»f 
in the tiame of a spirit-lamp or a lalioratory buriua'. W'liai 
I'videiiei* IS furnish(‘<l by t h is (‘\ peri nuait t ha I elnanieal ehanyv 
may be <‘aused by heat? What is left in the tube? Is it 
solubl(‘? Is it sweet ? Js it sugar? 

Experiment 2. — Half-fill the bulb of an arseii ie-t u he wiiii 
]•(*(! oxide of meiaaiiT, oia if such a tnhi' is mU availatiha pi"- 
eeed as follows: d’rorn a piece of Imi’d-ylass luhiny of al"ii;i 
<i to i inillinieiei’s (,| inch) inu rnal diameter cut, otf a pii ' '* 
about 1(> emitimetei’s (1 ineiu-) hniy hy makiny a iiiaiK 
aei’oss it with a Ij’iaaiyiilar lih', and llaai s(‘i/iny it with hoiii 
hands, (jin; on (uaidi sidt^ of ihi* mark, j)ulliny and at lao 
same time ])ressiny slightly as if to break it. (’ham and ai v 
it, and hold om* end in tin* Ibune (d' a, hlast-laanp unii! it 
melts togethei'. Huring the melting turn the tu he eoiisl a i iV 
arouml its long axis so that the heat may act uniformly up ''' 
it. Put into the tube thus made enough rt'd oxide oi 
eiiry (mereiirie oxide) to foian a layer about P«1 millinieC ! ' 
(' iiifdi) thick. Heat the tube .-is in t,he last experinc '• 
What, change in (‘olor is noticed? Wluit is d(‘[)osit('d up " 
tin* glass in the iippm- part <d‘ the tube? W hat evideiu i' 



Eh'hTJ'rFJt isy ax i-u.Ki riiiv cunnExr. 7:33 

- I ],y iliis oxiicrimciil. ilia'. I'lli'iiiiiail i:liaiij;n ran ba 
CTivirl liy liaat':' 

('II.\N( 1 HS CANT iir, Ki'-ria Tiai iiv an Ki.iifTRii' 

( '( KliKN i. 

Exponviicnt —'Vo ul’ io^ululril \v\\H‘> cow- 

iuM'it tl \vi\\i two roWs {){ u \)V\\\-v'n s ov (o'ovo ^ VuUi'i'v fasU'ii 

jiliiiiiium say '!■) u\o\. [\ nu-\i)lou;j; liv i“! iniii. (.1 indi) 

will". lu.'A'vl V\\v\w' \)\;v\\\\\\ui inlo wa\<m- 

111 a >\\iv\\ow y;\u>s‘ vos>o\ wtnuvl \a cwi. u\o\\ws) wiiU' a\aV 7 
111 S ruK (-'> inrlu'st taking; 3*aro ko(‘|i ihvan sr[>aratrd 

finiii aacli olluT. No action will take place, for the I'cason, 
a.- lias l)(‘eii shown, that wat(‘r will not eondiiel the eiiri’cnt, 
ami linnci' wIk'Ii tin' platiniini electrodes ai'c kept apart thei-e 
i- ^iio ciiri'eiit. Iiv adding’ to the watei- about one tenth its 
own volunii' of strong' sidphnrie aei<l it aepnin-s tin* power to 
coiivev tlui current. It will then lu' (discuwed that hulddos 
ime from each of the platinum plates, lu order to eolK'ct 
liK'itiaii apparatus like that shown in h'li:;. lo may he used. 

// and f) rc'pi-esent L;lass t iihes wliieii may eon vi'ii iently Ixoahout 
:;i> 0111.(1 foot) lon^- and 7 o mm. (1 inch) inteiaial dianu'ter. 
Tliev are lirst tilled with t he watei' eonlainini;' oiu' tent h its vol- 
iiiiie of sulphuric acid, and then |ilaeed with the m(Mith under 
Water in tile vessih . 1 . 'I'ln' platinnm elec- 
trodes are now hroui^'ht heneath ttu' iina'rt- 
ml t iiIk's. d'he liuhhles whi(‘h rise from tln'Ui 
wlil pass upward in thetiinesand the water 
vil! he pri'ssed down. (Iradually the wat(‘r 
wiil ho eompletelv fore(*d out of oiU' of the 
liiin-s, wliih' the ot lu'r is still half full of wa- 
t"i. 'Tin' suhstanei's tlius eollec'ti'd in the 
tnlics ;n-<' invisihle irasos. Afl(‘r tin' tirst tulx' 

I nil of nas. phu'c t he thu ml) over its moil t h 
fii'l remove the tuhe. 'rnrti it month up- 
n ii, and a t once a pply a lii;'hled inateh to it. 
d tlanie will he noticed, d’lie yas wh icli was 
< "liOiiiied ill the t nl)e is therefore' ea|)ahle of 
*'111 limy. Jt e'anuot, tlu'refore, have Ix'en 
‘'‘e In the nn'an time the se'eoinl tuhe will 
*i'C" heeome lilh'd with yas. licniove this tube in tin' same 
i’ and insert a thin piece of wood with a spark on it. 'Tlie 
d'*' 1 < will at once burst into llann*, and the burniny of the 
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wood will tnko iiioro actively tlian it doos in ordinary air, 

as may bo shown by witlidrawini^ it and again inserting it iido 
the lnb(‘. 'rh(‘ gas in this tiib(*, it will Ix' noticed, dot's not 
taki' tir('. Without going into tnidher details, it is clear I'roni 
the above expi'rinu'nt that wlu'n an (‘lectiah*. enrn'iit acts on 
water two invisil)l(‘ gases arc* prodiu.'C'd. Aclu'inical change is 
caiisi'd by an elc'ctric currc'nt. 

Much AXK’A i. Mix'ii cks and (hi io.m k’al ('om pounds. 

Experiment 4. — Evamine carefnlly a piec'c of coarse-giained 
gi-aiiiio; brc'ak olT senne* of it, and separate* the coiistitneiits. 
How iiianv aia* th(*re? l>v what pro[)(*rlies do you rc'eognizc 
them? Powder a small bit ot one ot' tin* eonstilueiits, and 
(*\a III i I u* t he* })owdcr with the* mieroseo[)e. 1 )o you rc‘cogiii/(' 
more* than om* kind of matter? Mix tlu* powdc'r of the* tlin-e* 
e'onstit iients, and se'e whe*th(*r in tlm mixe-d iKDvde*r thci'c^is 
ativ dilliculty in dotcMding the^ thrc'c kinds e)!' niatte*r with the 
aiel of t in* m ieroseojx*. 

Experiments. — Mix a gram or two of ])Owdere‘d roll- 
snljihiir and an eepial W(*ight <d‘ very liin* iron lilings in a 
small moi’tar. Inxaniiiie* a lillle of the mixture with a micro- 
sco[»e'. Not only can wa* recognize tin* [>art ie‘les of ii’on and id' 
snl[)hnr by nnsans ol’ tins mierose-ope*. but we* can also pick onl: 
the pieces of iron by nn'ansed’ a maginst. . h'ln* magin't attracts 
the* iron lint not the sulphur, so that by passing the magin 1 
(dteii etiongh through the mixture* we* can pick out all tin* 
iron and h*ave‘ all the sul[diur. 'Ihiis s(*pai*ation is re'ally a 
nii'chanical se'paration. It is only a, sonn'what moia* relincd 
method ed’ jiieking ont than that nse*<l in the* ease* ot gi'aii ilc. 

Experiment 6. — I’ass a small magne*t through tin* mixt iu'e 
above* pre*parcd. Knlcss tin* sul>stane(*s use*d are* thoi’ongh i v 
drv, particles of sulphin- will adlic're to tin* magnc't, but ('ven 
tln-ii it will be* se‘i*n that n:o>t of that which is taken out <>1 
tin* mixture* is iron. 

d’in* iron and sulphin’ can alsei be* se*parat(*el by tre'at.ing the 
mixture wilh a liepiie] kneiwn as e-arhoii disulphide*. Snljdie,' 
elissolvies in this liepiid, but iron ehies not. tSo that whe*n li 
juixt.nrei is ti’e*ate*ei with it thej ii’em is ie'ft behindhand e.Ci 
easily bee re‘cognize*e] as such. 

Exporimont 7. — Peuir twei or thre'ce enhiee (*entimeters i 
carbon disulphiele* on a lit t he pe»wde*re‘d in a d ' 

test-tube, d'he sulphur disseilves. d’reat ii’on tilings in i '"' 
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WJiy. Tlio iron doos not dissolve*. Xow heat :i sninll 
(jiiaiiiity of tluMnixturcj with carlx)!! disulphide. After the 
sulphur is dissolvc'd [>our off the? solution on a good-sized 
watch-glass and let it stand. l^xaniino wliat reiuaiTis undis- 
solved in tin; test-tulx*, and satisfy yourself that it is iron. 
After the liepiid luis evaporated exaini?ie what is left in the 
\vat(di-ghiss and satisfy yourself that it is sulphur. Why arc 
you justith'd in concluding that the suhstaiKic left in the test- 
tube is iron and that left on the watch-glass is sulphur? 

Experiment 8. — Make a fresh inixtun^ of three grams each 
of jiowdered roll-sul])hur and line iron lilings. (Irind them 
together intimately in a dry mortar and put them iii a. drv 
(cst-tubi*. Jleat giiidually until the mass begins to glow. At 
jii'st the sultihur melts and Ix'couk's dark-iajlored. It may 
even take* tin*. Ibit soon something else evidently tak(‘s jilaee. 
The wholes mass Ix'giiis to glow, and if youatonei* take tlic 
tiihe out of the llame, the mass eontiniu's to glow, becoming 
bnglib'i’. This soon stops; tin* mass gi’ows dark and gradually 
cools down. As soon as it la'acdu's tlu* ordinary t('mperaf iiia*, 
the tub(‘ should be bi'oken and the cnnleiits put in a moi'tar. 
A close (‘xaniination will show that th(‘,mass doi's noti look 
like the niixtni'e of snlphui’ and iron with which wi* started, 
it has a ])luish-black color, ami is ajiparently homogcnu'ous. 
An ('xamination wif.h tin* m icr<»se(>|)c, ili(> magnet, and car- 
hnii (iisuljihidc! will ])i-ove that, wliih* there* maybe a little 
iron left, and possibly a, little sulphur, most of the bluish- 
hla(*k mass is neither ii'on nor sul[)hur, but a mnv substance 
with [)roi)(*rti(’s (piitt^ dilfere'iit from those of iron and from 
those of sulphur. 

O'l'HIlli ExAMI’LKS of (hlFMICAL AOTIOX. 

Experiment 9. — Examine a. piece* of calc-s])ar or marble*. 
Von s('(^ that it is made* u]i of pi(‘e*e‘s ed' delinite* shape*. It is, 
lis we* say, (*iystalliz(*(l. It is epiile* hard, though a knife will 
<'iit it. Heated in ;i liarel-glass tube*, as in E\|)e‘rinie'nt it 
hoes ne)t me'lt, but re*mains essentially unehange'd. It ehee's 
Hot elisseolve in wate'ix d'o pi’ove* this, put a pi(*e*e the* size* of a 
1" :i in a te'st-tube* w ith ])ui'e* wate*i-. ddmroughlv shake*, and 
lhi‘11, us heating usually aiels se)lulie)n, boil. Xow' peeur e)tf a 
h w elrops of tbe; lie|uid on a pie*ce* of ])lalinum-f()il or a watedi- 
Hiiiss, ami by ge'utly hexiting cause* the wat(*r to evaporate*. If 
Ih' io is anything in solution, th(*re will be a solid jx^siduo ou 
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the platiiiiini-foil or watcli-irliiss. Tf tioi. tln-rc' will 1)( ,,, 
r('si(liu\ Now tri'jit a small pirce of tin* suhsiaiicr with (Iiuk,, 
liydrochloric acid ami notice what takes [)lace. Ihihhlcs of 
are c^iveii olT. Al‘(t*r the action has continued foi- al»oiit i 
Tni]int<', insert a liiihtcd match in the npper ])art of tlir Inl,,. 
It is cxtinL;uish(*d. and t In* j;as does not hum. d'lic ^ms foi ninj 
in this (‘ase is thert'fore plainly not ideidical with eitiior (in,, 
of thos(* obtained from water hy t lic action of tin* elect i-ir cin.. 
rcid^ (sec J*Apcrimcnt :>). It is what is <‘oninionl\ caded 
l)onic-acid ;j:^as. As tie* action continues, tlu* [liecc of (•;! 

marble ifrows smaller and smalh'r. and tiiiallv ili>a])|»e:ii> 
when tlH'ri* is a (‘h'ai* solution, ddn* sulestaiiei* has dissoKcil 
in the hydi'oclduric acid. In or<lcr to (hdei-niinc whet Iwr aii\- 
tlmii:; else has taken [)lact‘ besides the dissol viiiLf, wt'sliad lia\r 
to i^'et rid oi the ext-ess id’ hydrochloric aimi. This we lan 
(‘asily do by boiling- it, when it passi's idT in tins form of vapi^-, 
and then wludcvcr is in solution will remain bcliind. for tliis 
jtni’pitsr put the solution in a small, clean porcelain evaporal- 
in_:^'-dish, and ])nt this on a vessel conlainini:- boiling wateix nr 
a water-bath, d’he oporat ion shoidd be carried on in a place 
in which the draui^dit is i^ood, sd that the \ a poi-s wid not eodi'.'t 
in t lie woi'k iiru-room. d’he\ ai-e not poisonous, but thev are 
a n no\ i iiu'. d'he arranm-meiii lor eva poral is I'epreseiited iii 
Fii:. Id.’ 

After t he liipiid has evaporated uiid the substance in liir 

evaporat inp-di.di is dj'v, examine 
it , and earefully compart* its prep- 
erlie> with thosi' of the sult-laiiie 
willed ua,' jUlt into t he te>t-t lli'c 
1 1> .A.i ueturc will l)(‘ found iiel ! > 
present t he I’ci^nlarit ies not leed ai 
th eoriLrinal substanet* It. ismiii h 
sol ter, dissolves in watt r, im d ' 
when healed in a. hard-ela,-s l n i * . 
It does not eivo oil’ a eas win i 
tnmtcd witli liyd roeh Ionic aeie'. 

W hen expo.sed jo | Im air it semi 
becomes moist, and after a. ine 
lirpiid. ddie experiment shows that whim hydroehlorit* aei I 
acts upon calc-spar or marble the latimr at, Ic-ast loses its ovii 
])rop(‘rt ies. It miiz;l)t be shown that, sorm; of the h\droehlmn 
acid also loses its jiroperties. In pla,e(‘ of tlu two we ^(*1 a m w 
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willi < iitiiTly (lifTrnMii prnj.crt !<■<. 'Dm* iwo hiIi- 
acivd clii'inically upon racli other and pr<Hli]ced 
, lir!i,ie:d fniiiitouiid. Ill thisea.-e it was on 1 V neee>,-a I'v t o 
|!i(> snhstances in oontaet in or(h*r to e;iii-e tliefn to aet, 
,,|i,,iii:,',!lly upon each other. It was not iiei-cs.-^arv to heal 
as it was in tin* t*as(* of tin* ii-(tn and sulphui-. 

Experiment 10. liriiti^ to^ethor in a te>t-tnl)e a small 
piive el eopp(‘r aiid soiiH* iin >derat (*1 V dilute niti'ie aeid. In ;t 
diert I ill le aet ion In'iiins. d’he n|)per pai't (d' the tnhe heeonies 
tillni with a dark, rodd ish-hrown iras wdii(di has a d isai[r'‘>':ihh‘ 
mini, ho not inliah* it, as whmi taken into the lun_L:> it 
jiroil llres had etleets. 'The solution heeoino eoloreil dark 
liliii'. anil the eoppet’ di>appears. I'.xaiiiiiie this Mtiutioii. 

.;o ill k\ perinn‘nt d, and .'ce w hat ha- keen torined. What ai'e 
ilir jH'opert les of tlie .-uh.-taiiee foiiiid aftei' e\aporation of ihe 
‘l:i|llidr Is It eohu'ed? {< it -olnhie in water? |)ee- it ehailLl'e 
wlini heated inatnl)e? h it hard m' .->'!'t ? h"<-- it inaiiy 

\\:i\ -llLi'je-l the copper With wllleh V<in .-larti'd? 

Experiment 11. d'lw tlie aetion of dilute -ulphiii-ie aeid 
"'i a hiile /.iiie 111 a to.-^t-t nhr. A na^ '^ dl lie eiMui olT. Apply 
a iiL'iiii il iiialeli ii» It. hiMO the reoiit -iinee.-t a !i_\ 1 li 1 ne' iio- 
' ' ' h ill an experiment ali’eaiK pmforiiied : Afiei- the ziiie 
iia- h -appeai’ed. (-Naporate the -oiiilioii a- in Ex j>eri nieiit d. 
taolii;i\ coin pa re t he properl ie-^ of t he suii-tanee left hellind 
n :l I! 1 !ioo' of /ine. 

Experiment 12. Hold tlm end of a ineee of n\;\‘^\\es\\\n\ 
‘'"doll aiiont do cent iniei er> iiiehe-) lone: in a llanu' until it 
'ho- lire; then hold the tMirninn s\ilwlai\ee ipiietly o\rr a 
et (fai'k \va\>ev, >o \\\at \\\e \\'^\v\ , \v\nte p\-od\\rt n\av 
I'olleetod. V'otnparo \\\e pVOpi'rt\e< of tins \v\\\te prohnet 
''With tlioze o\ the ma'piiesunn. Here ae;ani a e\\enuea\ aet \\as 
'■0''*'" t>laee. Ihe maunesinm has eomhim'd with somethin^; 
'''d'^'h it loiind in tlie air, and Inxil was produced hvthe eom- 
dn.ation, The product is tin* w liitt* sulntaiiee. 

Experiment 13. In a small, dry llask f 100 to .dOO eem.) 
I'lit, a hit of oranulated tin. I’oiii- upon it d or d. eem. eoiaa'in 
'rated nitric aeid. If no elianm' takes plai'c, heat nent!\. and 
presently tlu'ia* will he a copious evo] nt ion of a redd ish-hrowii 
-Sts with a d isaurocahh* sm»*ll, (under what (‘onditioiis has a 
'das Iik(* this alri'ady heen ohfained?) the tin will disa])])eai-, 
and in its [)lae<> will appear a wdiite powder. Horn [tare the 
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properties of this wliih? powder with tliose of tin. AVliv air 
you justified in concluding that they are not tlio sixrne thing? 

EXPERIMENTS TO ACCOMPANY CHAPTER II. 

PkEI’A RATION OF OXVOEX. 

Experiment 14.— i\rako a small quantity of oxygon hv 
heating strongly an arsenie-tnhe half-filled with manganese 
dioxide and litt^'d with a small rnblier d(di\ erv-tiiho. 

Experiment 15. -i\rak(; some oxygon hv heating a few 
grams of mercuric oxide in a. hard-glass tube cIoscmI at one 
end and oonnceted at the other end by means of a cork with 
a bent glass tube. 

^Experiment 16. An*ange an apparatus as shown in Pig. 
1<. A repres(mts a llask of 100 com. capacity. By ineaus of 



Fio. 17. 

a well-lit ting rubber stopper one (md of tin* lient-glass tube />' 
IS oonn(*eted with it, and the other end, whicdi should turn 
upward slightly, is placed underthe surfaci* of tlu^ water in C 
In A ]mt 4 to b grams (about an (‘ighth of an ounce) potas- 
sium (dilorabg and gently heat liy nunns of the lamp. Notice 
< aietully what takes plar*e. At hrst the ])otassium ehlorab* 
will melt, forming a clear liipiid. If the heat is increased, 
the liquid will app(nr to boil, and it will soon be seen that a 
gas is given off. Now bring the iuvertcMl cylinder /> fill(‘d 
with water over the end of the tubig and let the bubbles 



MKASUHEMENT of the volume of OAiSEs. 741 


„f gas rise in the cylinder. After a cunsidia-alde (juaniity of 
gas has been collected in this way the action sto[)s, the mass 
n, the flask becomes solid, and apparently tin* end of the j)ro- 
(.('ss is reached. Hut if th(i heat is raised again, gas will again 
begin lo come otf, and in this second stage a larger (piantitv 
will be collected than in the first. Finally, howevm-. the (mil 
is r(‘a<-hed, and the substance left in the llask ivniaiiis un- 
changi'd, no matter how long lieat may he apprunl. K\\ ex- 
•ainmaVvou ol the gas eoWeeUal wiU s\m\v t\\at a \m*ee ot wood 
will Imvu lu It v«-y nuuVi\y. VAplaiu llu; which Iwve 

taken "V this expert, neut. ealeailnte, lunv nuud oxv.n-u 
eau bn o\.tau^e>V by iwattu;- gvnn.s o( v,..tu..uuu cAhovate.' 

Mkabuuemkn'1' of 'run Volume of (Jases. 

In studying olumiical changers it often bimomes necessary to 
measure the volume of a, gas, and it is important to know what 
pincautions must be takim in such eases. For the pni-jiosii a 
tube IS used wliieli is graduated by marks etched on the out- 
side. Tiujse marks may (uMn-r imlieai(‘ (he numb(‘r of euhie 
eentiiiK'ters of gas eoiitaimMi in the tulxa or tln^ length of the 
eolumii of gas. In th(‘ latter ease* it is of course ne(*essary to 
d(^t(.*riiiine what volume eorrc'spomls to a given hmgth of the 
column. 1 lu^ (*liicf diUh.'nli-y (.mcounlmi'd in m(*asui*iiig gas 
volumes is due to the laet tluit th(‘ voluuu' varuhs with th(^ 
t(mi|)taiiture and tua'ssure. Wlum the tcmp(M-atun‘ of a gas is 
raised on(‘ (h'giHM* centigi’adc^ its volum(‘ is incri'ascMl ^ jxirt. 
if, thcrcfoiH!, the volume of a gas at 0 ’ is F, at U its volume 
F' will be 

F .f F F, or F ' = 

This expression may also bo written i,lius: 

V' = F+ O.OOiUibif . V, or V' = F(l 
From these we get the expressions 

V = and V = * . 

i 3 4-^ 1 4- 0.003()G(f 

It is customary to reduce the observed volume of a gas to the 
voiuine which it would have at 0”. The correction is easily 
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iiuide by the :ii(l o! the Jibove forniiila. ^riius, if tlie voliiinf 
of a gas is foiiiid to be ‘JoO eu])ii‘ eentinieters at 15", and i| i. 
re(|uired to know what tin' voIuiik' would l)e it tlie teinp(M'alinv 
wt‘r(' reduced to 0", the ealeulation is made thus: Jii tli s 
cast' tlic ()l)served volimut I 'is 'joG ce. : f, tlie teiiipei’atiiii', 
is 15 5 Substituting tlu'se values in the equation 

^ “ 1 4 - o 7 )G:Tb() 7 ’ 

we have 

or 

•j;;; j 15 ’ l + x 15' 

from wliitdi wt' get 09 as tlu' value of T. 

l)Ut tlic volumt' of a gas varies also according to the pres- 
sure. If the [UH'ssurt' is doidtlcd . t In' volunu* is dccrcast'd one 
lialf; and if tlu* pr(*>.-ur(‘ is dcci’t'ast'd one half, flic volunit* 
is doubli'd, ami soon. -In ctht'r words, the volumt' of a gas 
varit's invci'scly acccrtling (o tlu' i»ressurt'. Inci’cast* (he [u-cs- 
surt' two, thi’t'c, or four tinier, and the volume bt'comes out' 
half, out' third, or out' fourth, and rir/> rrrsd. If tin* gas has 
the volume Tat the prt'ssure l\ and at prt'ssui’t^ P' tiu' vol- 
ume r (hose values ai't^ found to b(*ar to omminother the 
relations ex|>ressed in the etpiatioii 

yp^ VP\ 


Tilt' pi-essure is usually stab'tl in millimett'rs, and rt'fon'uet' is 
to the height t>f a etilumn of mercury whit'h the jirt'ssure eor- 
res})onds to. ;\ gas eontaint'd in an opt'ii vt'sst'l, or in a vessel 
over mereui'V or water, in which tht' h'Vt'l of the litpiid inside 
and outsidt^ the vt'ssel is tht' samt', is undt'r tht' prt'ssui’t' of 
the atmosplu're. What that is we h'arn from tht' baroniett'r. 
As this pressui'e vai'ies, it is m'ci'ssary to I’l'ad tlii! barometer 
whenever a gas is nu'asured, arid then to ri'dueii the obsei'ved 
voluimi to eei'tain conditions which aiar a,cc<‘}d<‘d as staruhiid. 
if the gas is nn'asured in a tubc^ over nu'i’cui-y or- vvatei’, and 
the h'vel of tlic. Tapiid Inside the tulx* is higher than that out- 
sid(', till! gas is under dmiinished ])i-essur(', th(' amount of 
diminution depending on the height of tlu* column of mcr- 
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•Witter in the tube. 'rims, if tlu‘ ainmi^rincnt is as 
rcprc'sciitcd in \'\<^. is, tlx* 
o( th(‘ innn-urv rohmin ahov*' tlix 
«>ft hc inci-cury in tlx* truiiirh })<>- 
iiiu: 1 00 niillinx'trrs, and t Ixs pn-ssun* 
of tiix atniosjdx'i'x 7(i0 niilliiiictcrs 
of incnMn-v; then tlxyiras in tlx* tube 
is plainly !X)l iiixh'r the full atiixts- 
])lnTic pre<>ur<‘. for tlx* :it ux>s[)lx*! 
is su[)portin'j: a colimin of inoroiirv 
loo ntiUinx'lrrs h'e^h, aiul ll\e p\‘e>- 
swve aeVuaWy brou<i\it lo luair on l\\o 
<^as (‘oiTi'sponds lo Ml) ~ lop 
iun\. ol nnuTury. Suppose lhat in 
tins ease the \X)\iuuv; <.)f <^as aetuaWy 
- ^ measured is fT) cc. Cu\\ t\\is \\ 

Wiiat would b(^ tile actual volunu' V under the standard 100 
mill. ? We iiave seen that 
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\ow, in tliis (;ase P MO, I*' = id, and /^ ' = Oho. Tliere- 

lore, < (jO I :_r i ',) X (>00, or T = - - — : - Od. Id 

'iliO 

Tn all eases it is nee(‘ssa.i-y to make a coiaa'clion similar to 
this in d(‘aling with the volumes of gases. Tlu‘ eorri'etion for 
t<‘mperatur(‘ and that for pressure may be made in one opera- 
tion, the formula being 

v= . or r= — 

7GO(d7d -p If ?GU(L + O.OOdGG/y 

in wliieli V — the volume of tin* gas at 0"^ and 7G0 mm. pres- 
sure' ; V' =z the observed volume; / rr tlie ed)S('r\(‘d temper- 
ature ; = the pressure umler whieli tin* gas is nu'asunMl. 

•'^oiiu* of tlie most important ieh'as which have' been intro- 
duced into (dnnnistry with a vii'wof (‘\[)laining the ri'gularitx's 
observed in tlie fpiantities of substances wliieh act upon one 
^ iinotlier eln'mically have tln'ir origin in obse'rvat ions on the 
‘•onduet of gases. It is therefore' of the highest importam-c 
that the stinh'iit sliould familiai-izee himse'lf with tlu' meaniim 
<>1 the expression, “ the volume of a gas under stamlard condi- 
tions.’' The presence of water vapor in a gas also inllu('m*('f- 
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its volume, uud tliis must be taken into aceount in I'eHmnl 
work. The I'orrnula for making all tlie correetions required 
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in deteriiiining the volume of a gas is 

27:5 r I /‘'-a) V'{P^~-a) 

~ 700(27:5 -\-t)' ~ 7()0(ri b.()o;5()(;/)- 

in whi(‘h the letters F, F', P' , and / 
liavi' the same signilieance as in tlie 
formula given, while n is tlie tension of 
water vapor at / . 

A convenient a[>j)ai'atiis for nieay- 
nring gas volumes, \vlii<'li .'^implira- 
the ]>roeess, is that repi'eseiited in 
k^ig. l!t. It consists of two tubes eoii- 
lUM-ted at the hasi' hv means of a piece* 
of nihlM-i tubing, and <*oiitaiiiing water, 
d'ln* tul)(‘ ./ is gi'adnatial, the ethei- 
is not. 'rh(‘ gas the volume of wliieh 
is to he mea>ur(‘d is ])i'oiight into the 
t,nl)e .1, with the naiTow opening at 
th(' to[), and tin* (dher tube is then 
])lae<‘d at tin* side of tin* oin* eon- 
taining tin* gas, and its jieight, ad- 
justed so that tin* eoliinin of liipinl 
in both tubes is at the sann* level. 
Fnder tlu'se eireunista ne(‘s, (divioiisl v. 
the gas is und(*r' the atniosphei'ic pn s- 
sni(‘ f(»r whieh the neeessarv eorreetion 
must of enursi* be made. It is also 
neeessarv in this ease to mak(* tin* eoi- 
reet ions for temperature and tin* ten- 
sion of aipu'oiis vapor. It is, further, 
sometimes e(m\enient when tin* gas is 
mi'asured over wati'r to transfer the 
measnring-tnbe to a vessel containing 
enough wat(‘r to pi'iinit tin* immersion 
of the tube to a point at whieh tin* h’vel 
of the liipiid inside and <*utsid«* of tin* 
tnlx* is tln^ sann*. In this ease the 


conditions are the stinn* as in tin* apparat us (h*serib{'d in the 


last paragraph. The arrangement is represented in Kig. 
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DetkhxMination of the Amount ok OxY(n:\ [.iuHRATEn 

WHEN A Known WEKJirT ok J’otassium (Jiija)uate is 

DKCOMPOSKI) BY UkAT. 

Experiment 17. — 'Fo determine liow nnicli oxyi^nni is rdven 
olT wIk'ii ;i known weii^lit of potassium elilornit* is (h'eoniposod 
])y li('af, ])i’oce(Ml as follows: In a small di-y hai'd-plass tii])e 
al)oiit 10 cm. lonp;- and 5 to 7 mm. internal diameter, closed 
at one end, weiyh out on a cliemical ])alaiice about 0.2r> yo-am 
di‘v ])otassium cldorate, tirst wcULdiiiii^ tlie tiilxf (uupty. In- 
troduce just above tlie pota'^sinm ehlorah* a plu'_r of asbc'stos 
wdiicdi lias Ixsen iyuited, then, by means of a 
blast -lamp, sOft(Mi tlie upper end of the 
tub(‘, and draw it out so that it bas tlie 
form shown in Fig. 21. Now weigh the tube 
again. 

Let 

(f “ w(*ight of tub(‘ (‘m])tv ; 
h — weight of tub(' with potassium chlorifte ; 
r w(‘igiit of tube with potassium cblorate 
and ping. 

Lonms't at A by means of a. shoi't piiaae of 
rubber tubing with the nnaisuring tube big. 19 


Kid VI. 

so that tlie (unls of tln‘ two tnlx's are almost in <‘ontact with 
^ ot Inn-, the nn*asuring tiilx* having be<>n previously tilled 
^'ivh watei to the Z(*r() point, and the top closed b\' means 
el the stop-cock. ()j)cn the stop-eoek, and now heat the po- 
tassium ehloi-ate gmilly at lirst, and gradually highci- until no 
»non> gas is given otT. Aft<n- the gas lias stood for half an hour 
to cool it down to tln^ tenijx'rature of the air, adjust the two 
tubes of th(‘ measuring apparatus so that tin^ levt'l of the wa- 
ter in both is the same: n-ad olT the voluim* of gas. At the 
'arne time ri'ad tin* baroundcr and thm'iuometm’; aiul now 
'»iak(‘ the corrections for pressure and temperature as above 
directed. Tlie weight of a litm- or 1000 cc. of oxygtm at 0^ 
Old , ()0 mm. pri'ssure is 1.1290 grams. Kuo>viug tin* volume 
>1 oxygi'u obtained, calculate the weight of this volume. 




Fin VO, 
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IvtMiiovo tlR* tulx' containing tlic product l(‘ft artin* the dccoiu- 
position of the potassium clilorate, and weigli it. 

L(‘t 

d ~ weight of tube after decomposition of potassium cidorate. 
Now 

b — (t =. weight of potassium cldorate used ; 

7 _ {a - I- r — li) — weight of potassium e.ldoride left. 

Knowing furtlicr the weight of the o\vg(‘n obtaiiu'd in tlin 
decomposition, w'hieh \V(‘ mav call r, it is obvious Irom what has 
been said that 

d — [a c — I) (' Hhoiild b(‘ e(puil to & — a, 
and the weights sliould all la‘ in aeeordanee with the equation 
K('U)., — l\(’l b :u). 

Make all the eahadat ions, ami s('e how nearly the results 
obtained agrei* with what is re<|nire:l by this ('((nation. tShoiild 
.the results not lx* satisfactory tho first time, rep(‘at tln^ woi’k.* 
'riie more (‘an'fnily tlic' work is done, tin; more m^arly will tliu 
resdlts agree with tin* (’([nation. 

Experiment 18. Mix ’lb to MO grams (or about an oune(') 

of ]')()tassium chlorati^ with an ('(pial weight of manganese di- 

o\id(^ in a nioi’tar. The snb- 
stane('s ne(‘d not be in tho 
form of powder. Jl('at th(i 
mixture* in a glass I'etort, and 
C'olU'ct the gas by dis])lae(‘- 
meiit of wiit('r in appropri- 
ate vess(‘ls, — cylinders. b('ll- 
glasses, ])ottl(‘s with wi<h' 
moiitlis, ('te. It will also lx* 
W(‘ll to ('olleet sorm* in a 
gasometer, such as is (‘oni- 
monlv found in chemical lab 
Oratorh'S, tin* essential featur(*s 
of whicli ar(' r('presenied in 
l^hg. )l)l. It is made either of 
metal or of glass. Tiie o[)en- 
ing at d can l)e closed by 
riK'ans of a screw cap. In 
order to fill it with wati'r, 
open the stop-cocks and pouf 
tlie water into the upper part 
of the vessel after having screwed on the cap d, M hen it 
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[iill, u'iili'r will How out. of Uic small tube .-lose all 

tin- sto|M'()cks, and remove tlie cap Tlie water will stav 
ill (he vessel for the same reason that it will stav in a 
(vliniler invei'ttal with its month below water. 'I'o till the 
irasenii'li'i' with i,nis, put it ovei- a tub or sink, and inti'odni e 
Ihe tube trom whieh eas is issnino into the opening at d. 
The gas will rise and displaee the water, which will llow out 
at Wlieu fnW, pub live, cap on. 'Vo get l\te gas oul oS t\w 
gaenaieler, aUaeh a ru\,\)er tube Vo e, pour water mlo the 

tipiiei p.ut ot Uu! gasometer, open Ui,. slop-eoek n and that 

al e, wlieu t\,e gas wdl l\ow oat. and tlie e,un'eut eau be, regu- 
lalvtl ity uwniua uL t\\i‘ sUtp-t'ovtk iit v, 

't’lie avraugemeut ot the retort is shown in Fee 



Fio I’H. 



Physical Proplrtiks of Oxygen. 

■Experiment 19. — Iiiluilo a little of the jras from one of the 
')nttlas. Has it any tast(‘,? any odor? any color? 


Chemical Paoi'KiniKs of Oxygen. 

Experiment 20.— Turn three of tlio bottles eontaining oxy- 
fh n with tlie month upward, leaving them covered with glass 
P•des. Into one introduce some sulphur in a so-ealhaf do- 
'aratmg-spoon, whieh is a small enp of iron or brass at- 
bi' hed to a .stout wire wliieli i.asses through a metal plate 
of tin (see Fig. ->4). lu auotlier put a little char- 
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coiil (ciirhoii), mid iii u tliird ji jiii'co of pliospiionis 
the i^ize oC a pra. Let them stand quietly, and notic'c w h q 
chaipi^vs, if any, tak(‘ place. Sulphur, carbon, and pl,o,s. 
phoi'us ar(' ('hamnds, and o\\\i;'(‘n is an (‘lenient. It ^vlll t,,, 
noticed that tlu‘ sulphur and the carbon remain nneliaicvil 
while SOUK' eliany«‘ is taking- jilaee in the V( sx‘1 eontainiie- tlia 
phosphorus, as js shown by tln^ app(*aranee of wliite rnnio. 
After soiiie tinu‘ tlu‘ pho>])horus will disappear (‘iitiicU. tl,,. 
lunies will also disa[)jH‘ar, and tlieia' will la* nothiiiL:- lo slmu- 
us what has bt'i'oine of the plidsphoiais. ff ( lie leiiiperat inv 
of tli(‘ room IS ral her hi-li, it niav liapipen (hat I Ik* plM-qilicni. 
take> lire*. ll it slionld, it will burn with an inteiiseU hn-jli! 
h^lit. Alt(‘r the biirnini:- has stopped, the V(‘s.-el will he (ilhd 
with white fumes, but tlu'sewill (juiek!\ d isa ppea in a lul ihr 
vessel will appai-ently l)e empty. What do t Iiese e\ penmein > 
pro\e with relei’enee to tlu' act loll (d oWa't'Il on sUijihlir, ea>>- 
bon, and [iho.'phoi us at the ordinarv temperature ? 

iiXpeniiiout 21.— In a di llayrat lu^-spoon set liic to a liiile 
Bulphui’ and let, It burn in the air. N otiee w ind her It burns 
Witli (‘as(‘ or with dilheully. Ao[i((> the odor (d' the* funie> 
wliudi aia* e-iveii olT. Now set lir<‘ to anot her sma 1 1 poi tmii, 
and introduce it in a spoon into one <d' the vessels eontaiii i iil’" 

oAyevii. It will b(‘ s<'en that the suljihur burns miu h 

I'eadily in tin* oxyir'ni than in tlurair. Not.ei* the odor of the 
fumes eiveii off. Is it the sanu^ as that iiotieial when the 
burning: takes place iii the air? 

Experiment 22. — I’erform similar (‘Xpi'rimeiit s with eliar- 
coal. 

Experiment 23. -Ibirii a pie(‘(> of phosphorus y/e/ /e/ve /• 
than e //re in the air and in oxva'en. In the latter ease liw 
li^dit (‘uiitted from the burniiiir phosphoius is so intei, 
that it is painful to some eyes. 1 (. is ladfer to beeaiition . 
The phenomenon is an extivmiely brilliant om*. Tin* waii' 
of the vess(d III wdiiedi tlui buriiini^ takes place b(‘eoni(‘ eo\- 


I'iiosplionis should l»e lijiiHlled '.Ait h yocat eaic. ll Isalwavs kyi 
under water, usually iu Ilje f'(»rui of sticks If a small |)i< ec is uanus 
tak,; out a slick with a, pair of forecjts. and put it, umh r wati r in 
evaporalirer dish. U7//Ve it /s uniter the water, cut oil' a i)ieee of ' ' 

size wanted, dake this out hy means of a |)aii' of forceps, lay il i 
a rnorm iil, on a pie<-e of tiller i>aper, which will absorb most, (d d s 
water; then (juiekly j)ul. it in the spoon. 



OXYOKX IS USKJJ UP IN COMIIUSTION. :i') 

,,iv(l uilli a wliita .sul)stimcc, wliii-li aftcrH-mls t'radinillv <! s- 

W hat (lilTiTcilias do you tiolico l).-|wo,.tl tllr t.llniiliy ill the 

ail- and in owyuui ? Ill X|ini-iiMi'iils is liicri'aiiy siilplnir, 

■a- or pllosplionis li.n, iMdiindy |l,, I he ex iMiiuHnits 

liii !ii<li any cvidniicr that oxyyrii lakes part in the action ? or 

ihiil oxyiivii i< usnl up ? 

Exporimont 24. St rai-littMi a sI.m'I uat.-li->prinL!-.* aii.l 
t'.i't' M if i'l inrtal .Micli as is ii-r,l !<.]• 

t!.Ml;i-r:iliii,U--sp()(.ii in an upri-iit point.ii: wiml a lit t If t li ivad 
ft"' l"w»'rfinl. and dip it in nifltcd Miiplmr. Sri lin; 

1 " thi.-. iind inxTt it into a v.->f| fniitainin- ..\v.:cn. \-'nr a 

till- Milplnir will laini as 111 Ia p.TinifiH ’J 1 : Inil sotni 

liie sleet I.eolu- In \uivii \ ihW la iil\ V . a ,„l ill,. Ininiliv' mul’iiuics 
'"f" 'd’ X"ii.-A.ai in 

' ""''-ad xerv linl particles are 

nit Ivniii I le l.unnie, ■ppc pi,,.,', -i,.,! 

'"■an y espe,.,a\\y ,( nl.s.-rv,.,! n, a dark rnniii. 'Phe walls ,d U,,. 
'een.l he, enr-,.,-,., I will, a dark reddish-lirnwii snhstanee 
'"Hie nl wlilel, will also l,e Innild lit the linttnm in laree, 


0\X(;|.:\ Ts rsiii) n* ix ( 'oMiirs'i iox. 

Kxporimont 25. -Is , I m' ,|,e eontents of I he hollle in 

P'";"" 'a'''' hid'oretl xperi- 

Inlrndneeasliek iviih a small llamen,, il siie,.,.ssivelv 
"d" liu- ve.ssel.s used in Inirnine- sulphur, earlMUi. phnsplmrus 
-""I l.s nxyceii pren.iit nr unt y What ,.vi,|eu.-e havn 

V'li oil tills point ? 

Exporiiiionl 2li,-K,|| „ ,nh,, sav till In -10 em. (I- („ T. 

'""-p -a d (I hi I I iiiehes) wide, with 

'\kk"n, a,p arrann,. it a vessel over waler, as shown in 
'-n. -a. .Now lasleii a .small sliek of phosphorus to the end 

, '' """"'"I I'liSi It inlo I he so that ahoiit j 0, ,neh 

phnsph.iiais is aliove I he waler and evpo.se, ] the 
At (list no aelioii will lake place. Ini( al'ler a 

' "Id walc.lrs, nines can .generally be bad of any waleh maker or 

r lo, 11 ,,. ask.ne A s|ni,..r .-an 1... si ,aiel„e,„.,| i,,. |i„c 

III, a neiebi, ami snsp. ialni.e III,, iveiehl by III,. S|,iin,- 

''Pi'.nrn, 'I*-- 'lame of":, linn 


I'X VA'II. 
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tiiiu* lurih's will i)r to rise from the 

am] tli(‘ [»liosphnriis will lu'^in to molt, 'riiitj 
ac'tioii will ho airompanicO hy a (liminutiou 
of tlio Noliimo of (1 h‘ oxym'ii, as will he* shown 
hv tlio riso of tlio wator, W lion I ho wator has 
risi'iisoas to oovm* tho [vhosphoriis, shovo tho 
stiok up so that it is a^am jii>t ahovi* tlui 
sui-faoi* ()f tho watoi-. Somo of tho oxyomi 
will auaiii ho uscmI up. Ity woi'kiiiL;' oarofully, 
and |•o])oa^ iiii:- this pi-oooss as many limos as 
may lu* iiooosary, tlu' oxygon o.an all ho usod 
U{i without till' aoti\«‘ hiirnini;' of tho jdios- 
[ihorus. L'suallv, howoviu’, hofoix* t ho a»-t ion 
is ooinph'tocl, tho toniporat ui-«“ of tho phos. 
phorus Ix'oumos so hi^h that it takos tiro, 
wlioii thori' is a lla.-'h of liyhl in tho tuhoand 
a suddoii 1 ‘iso (d tho wator, showiim’ that tli(‘ 
ii'as is suddoniy usial up. 

Experiment 27.- I him a sh>ol watoh-spriiiL;- as dii'ootod in 
hxpoi’iniont ‘M. with th<‘ dill'oi’oiioo that the 
spriii'.:' is |>a>>od a i r-t iu hi t h roiiyh a ‘’oi’k w Im li 
is littod ii;_;-hlly into th(‘ nook of tho holl-jar. 
As th<‘ spriiiy huiais. tho wat<‘r will I'iso fr"iii 
tho vo>sol in which tln' holl-jar is staiidiiij. 
and it is nooo.o-ai‘y to pour water into thi' \< " 
s<‘l. W ln'ii tho spring' has huriiod iioar I" 
thoo(M'k sho\o it throm_fh so that tho hurmi 
may i*oiiiimio. If tho oxpoi-iniont is pi-op(Mi\ 
})orforino(l tho holl- ja r will l>o noai'ly fidl "i 
wator at tlo' olid. What does this provtd’' 

Tm: Ih:oi»i ( 'IS (*!' ( 'oMiu's'i ioN wuinii Moi i 

'HI AN IIIK lioDY I)rKNi:i). 


Pirj -.G Experiment 28. AVi'i^h otT ahout a u'la’ii 

of mai;'nosium lahlxni in a por(*olaiii oiaioih s'. 
lloatovora Ihiiison Imrnor until tho mauiiosi ii m lias t ii in' 'I 
to a white suhstaiifo {Miau:nosinni oxido). Aftia- cooliiiLT, woi li 
airain, Ika-foian tin* same oxpmaim'ni with y:ino, tin, and lisA 
What conclusion aia* yon jiistiliod in draw'in;j^? 

Experiment 29. — Over oaoh jian of a lariz;(' and laH ' i 
‘^onsitivo balance siispond a i^lass tube hlled with jiiecosof so^ 'I 




VUErAHATlOS OF IIYDUoaFA. 


,M)(la. A l)al!iiict‘ tluit will answrr tlu- purpost' v.a v 
,;m 1 k‘ niadt' of wood with rnotal l)car)ii^rs. If nia\ (on- 

YHiii'iitly be al)ont teet hi,<;h, with a ddirat.* brain alioiil 
;] trrl loiiij:. The best tubes for thr <-au>lic s(M]a an* Artaud 
Ptnp-rliiiimrys, around tin* lioltom (.f wbirb is tird a j.iccc of 
wiiv-yaii/e to [irevent t b(‘ causlie soda from falling: out. On 
o!i(* pan of tlu' balance phna* a eandlo diiavilv undrr one of 
thr caii-lie-soda tula's, so adjusted that tin* tianio shall bo not 
inniv than 'l\ b> d iiiebes below tin* bottom of tin* tiiho. \U 
m.'aiisof weights plaet'd on t In* otln*!* pan establish erpiilibrium. 
A'dW light the eandh*. Slowly, as it biii-iis. tin* pan upon 
wliii'li it is [ihna'd will sink, showing that tin* pwod nets of eoni- 
liii.aiiiti wliieb ai'e paidly absoibed bv lh(* eausti(* scala are 
liravH'r than the eandh* was. While lhi<is by no tneaiis an 
;ici‘iiiat(* exjx'riim'nt, it is a very st l ik imj- oin*. and pi’ovi's lie- 
\*ii!id (|uestioii that in the process of eombustion matter is 
tak(‘n u[> Ijy tlie bui-iiing bodv. 


KXl’KHLMbN'l'S 1'() A( COMbANV CllAPlbK III. 

Pki;I* A ltA l ION (O' Ih niCOOKN. 


Exporimoiit 30.— lu*peat lv\pv*riment :* and examine the 

glSos. 


Experiinont 31. -- 'Throw a small pit ot* td’ sotliiim * on watt'r. 
'\hilo ii Is tioating ttn tin* surfaet* afiply a ligbtetl niuteh to it. 

\'‘llow llaine will a]»p(‘ar. 'This is burning hydrogen, the 

yOlcw Uv Ihr IHVS, lu-c ,,r tlu' soaium. sdine 

"1 «lurl| \,urus. M;lkr t\,r .■ X lu'nUlrl , i \viU> 

M\nu. 'T\u* bame in this east- \v»a\tav\ t\u* an\ td' t\\e 

laaO b. It, \v.\s ‘a \n>U‘l color, wbleli is ttvn* to tt\e burning of 
sniiH* ol ib(> ])otassnnn. 'Tin* gas gi\(*n olT in tbt'st* t'xperl- 
'Ii' iits is eitln*r burned at ttnei* ttr t'seapt*s into tin* air. In the 
' of the potassium it tak(*s Tna* at t)ne(*, lieeaust* the action 
hdxes place rapidly and tin* In'at (*vol\t*d is sntlieient to set tin* to 
b: in the ease of the sodium, ht)wt*vt‘r, tht* action* takes place 
""ev sltiw ly.and t In* t t'm]H*rat urt* tl(H*s not get high t'liongh to 
' *h-(' to the gas. In tntlt*!- to eolh'et it imburnt'd, it is tinly 
"“'■essary to alltov tht* (b't'om jiosition to take plat't* st) tliat tlie 


'' 1 In* m(*l;ds sotiiiiiii jintl p()las-.ium art* kt*i)t ninier ttil. \Vln*n ji 
oiiall piece is wanletl take out oju* t)t the ]argi*r ]>iec(*s frt)m the bottle, 
"’ I'ddy wipe oil’ the oil with mter-papt*r. and cut oil u ])iee(' the size 
' dt*(i. It is not advisahlt* tt) list* a pit'et* larger than a small pea. 
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will i is(‘ ill an iiiva*rtf(l vessel fillial with wat(‘r. ||,j^ 

[uirp(»s(‘ lill a ((‘st-tiilu* with watta* aiui iiiv(M t it m 

a vi'ssc'l of wat(‘r. (hit otl* a piiH-cof sotlium not larger tlmn ■, 
[)oa, wrap it in a layca* or two of liltor-j)a])(‘r, and wiOi fli(> 
lin_L;('i-s or a pair of (airvod forceps hrin^- it quickly hfhow (Ih, 
niontli of the t(‘st-tuhc and let of if. It will ris(‘ (o tin- 
top, tilt' deeoinpositiou of the wat(‘r will take jilaet' quiet l\ 
and the i»-as formed, hcniiLt inuihle to eseapt', will |•emain in tln- 
tulx'. Hy rt'pt'atini^ I his operation in tin* saimt tiilx- u second 
portion of Lf is can h(‘ math*, and so on until the vt'ssel is fnll. 

Kxamine tint e;as and see whetluu* it acts likt' the hydro-eu 
obtaiiKMl from wattu’ i)v mt'ans of (lit* (dt'ctide eniTeiit. W li;it 
(‘videnet* have you that t hey art; the sanu' ? Js tins evideiiee 
suflie.itmt to provt' the identity of the two? 

Ihu^ metals sodium and potassium disappeai* in ihc'se ('xperi- 
menls, and \vr What htaomes of the melal.-'^f 

and wlial is the souiaa- of tin* hydroLttm? If aftm’ the aetioii 
has sttipptal the wat(*r is examined, it will 1 hi lound to eonlaiii 
sometliiiii^ in solution. It now has a peculiar taste, wdnhdi we 
call alkaline; it feids slightly soapy to tin* touch; it ehans:(\s 
certain V(‘g(*(ahle (*olors. If flu* watia- is (.'va porat('(l off, a 
white substane(‘ rmnains behind, which is jilainly neither 
sodium noi’ potassium. In solid form or in vm’y eoma'iit rated 
solution it acts veuw sti'ono-ly on animal and vi'getable suh- 
stanees. disint(‘grating many of thmn. On aeeonnt of this 
action it is known as raiislic soda, or, in the case of potas- 
sium, as causHc [lotassa. 



Exporiment 32. — Certain nmtals wliieh do not (b'compe <* 
water at or<lina-ry bunperatures, or which (b'cenpiosc! itslov i'. 
decompose it easily at elevab'd temperatures. This is triu* "1 




PREPARATION OF HYDROGEN 


If stejim is passed tlirougli ji tube ( of 

„(,n lii'ab'd to redness, (Ua^oinpositiori of tliewat(*i- takes place, 
;„i,l till' oxygen is retained by tin; iron, wliidi enters intoeom- 
binatieii with it, while the hydrogen is liberated. Jn this ex- 
jK iinieiit a porcelain tube with an internal diameter of IVoni 
•^0 to :i5 nnn. (about an inch) and a g:is furnace* an* desirable, 
thoiigli a hard-glass tube ami a charcoal furnace* \vill answer. 
The* airange*ni(‘nt of the apparatus is shown in Fig. 

Exporimont 33. — In a erylineh*!* or test-tube put some* small 
pi(‘ce's eef /iue*, aiiel pejur upon it sejuie ordinary livdiaichleirie 
aeael. If i\\e aetAow as fuusk, affe'r \\, \\as e*<u\\i\\\u*e\ inv a aa\\1\- 
ate* or two a\pi\y a bcgfited uAute-h tee the inoutli of tbe* vessel. 
M'he gas will lube lire and Imrn. If sulpluirie acid diluted 
with live ov SIX tinu‘s its veilume of water* is use‘d \nsle‘ad of, 
hyelreMdilorievaesid, the same* re*si\\t will In- re*aed\e‘d. T\\e* gas 
t'Ve>lve*el is bydre)ge*n. For the* juirpose* of e*<)he'e*ting the* gas 
the operation is best lAerlormed in a wide-nmuthed bottlerin 




Avlii(;h is fitte'd a cork witli two beih's (see bhg. 28), or in a 
bottle with two nee^ks ealh'd a WollFs flask (se*e* I*hg. 29). 

I'hremgli one* of the* holes a funnel-tube ]iasse's, and through 
the* oth(‘i* a, glass tube; h(*ut in a. eonve'iiient form. 

1 f it is desired to dihite oreliiiMiy eoneentrateel sulplmrie neiel with 
^' iti r, the neiel should he [xain'd slow ly into tlu* watea' wdiilethe inix- 
t'lre* is constantly stirred If the wate-r is poure'el into the aeiel, the; In^at 
'S')lve'd at the ]daees vv]i(>re* the two eonu* in rontacl may he* so great as 
t'> e*onvcrt the water into steam and cause the strong aeiel to spatter. 



754 EXrEliJMEJSTS TO ACamPANY (JHAPTER JIT. 


Till* /iiK* usi*{i is gniiuilati'il. It is prcparoil by it 

in a ladli', nnd iioiii’in^ tlic! niolten metal from an olevniion 
of four or live foot into water, 'riie julvaiitajj^e of this form 
is that it pi'esents a larj^i^ surfaei* to tlie iiction of the acids. 
A handful of this zinc is intrnduceil into tlui hottli*. and 
enough of a (‘oolcd mixture of sul[»huric acid and water (1 
volume concentrated acid to 0 volumes wati'r) pouri'd upon it 
to cover it. Usually a brisk evolution of gas iaki's plai'e at 
once. Wait for two or three minuti's, and (hen collect some 
of the gas by displaeemi'nt of water. Wh(*n the action be- 
comes slow, add moi‘e of the dilute acid. It will be well to 
fill several cylinders and bottles with tlu* gas, and also a gaso- 
nieti'r, from which it can be taken as it is needed for expi'ii- 
meiits. 


SoMUTHiNii ni;.sini:s II vDiaxiKX is fokmkd. 

Experiment 34. — After the action is over pour the (!ontents 
of the llask through a .tilter into an eva])orating-d ish, and 
boil off the greater part of the water, so that, on cooling, the 
substance contained in solution will be ilcjiositi'd. If the op- 
eration is carrii'd on pro[)(*rly, tin* substanci) will lie deiiosited 
in regular forms called crystals. It is zinc, sul})hate, ZnSO^, 
formed by thii re[)la<.‘ement of the hydrogen of the sulphui’ic 
acid by zinc. 

PuoBiaoMS. — Ifow nnicli zim; would i( lake to give 200 liters of hy- 
drogen ? How niueh zin<‘ sidiOiate would !»<■ loi iiudV How inueh hv- 
drogi'ii would lx* formed l»V' the aelion ol oO gi;ons ol ziiie on suljdiuiie 
acid ? How inueli siiiphurie acid would be used up? 

# 

DE’ri'dntl N ATION OF TUF- AmOI'XT OF IIVDROOKN FVObVKO 

^VIl^:v A Kxown Wfujiit of Zinc is dissoi.vfo in Si'i-- 
I’lti'iiic Acid. 

Experiment 35.-’-This determination can be made by means 
of ati a]»paratus such as re[)n‘sented in Fig. 30. d'he bent 
tube l(*a<ling frorii the llask A is drawn out at />, and a ]>hig 
of glass-wool iutroduei'd Iielow the constriction. The other 
parts of th(‘, apparatus n(‘ed no description, ddie flask shouh! 
have a capacity of about 40 to .50 ce. ; and the measuring tube 
Ushould have a capacity of about 100 cc., and be graduated to 

A cc.. 
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The expoi inietit is eoiulucted in the following manner : 
I) is tilled with distilled water ; a piece of zinc weighing from 
at 50 to 0.200 gram is placed in the llask; the pinch-cock E 
is then opened, and the whole apparatus thus tilled with 
water, ^rhe apparatus is now examitied in order to ascertain 
ji* gas hubbies are lodged under the stoppea* F or in the glass- 
wool. Jf so, tliey can usually be dislodged without ditficulty. 
It they [)ersist, a few moments’ l)oiling of the water in tlie 
llask will (Ofect their complete i-emoval. . . The eudiometer is 
jiow pla(u;d over the outlet of the delivery-tube, and the 
greater portion of the waiter remaining in D allowed to How 
thiough the apparatus. Sulphuric acid of the lajiK-ejitratiou 
ordinarily emi)loyea in the laboratory (1 of JF^SO^ to d of 11^0) 
is poured into the reservoir D until it is nearly full. Tlio 
pinch-cock F is then opened, and the water which Fills the 



apparatus is displaced by sulphuric acid. The action of the 
acid upon the metal may be facilitated by heat or by adding 
some platinum scraps. When the action is over, thi/eontents 
of the llask arc sw ept through the delivm’y-tube by again open- 
mg the pinch-cock E. Finally, the measuring-tube is trans- 
feiied to a (*ylinder of w'atcr, and the volume of the gas road 
and correch'd in the usual manner. Jf hydrochloric instead of 
■'Ulphuric aca'd has been us(‘d, which w'ould be the case Avhen 
the motjil (‘inployed is aluminium, a, little caustic soda should 
ho added to the water in the cylinder to which the eudiometer 
-s transferred.” * 


See Morse and Koiser, Amerimri Chemiml Journal, vol. vi. p.,349. 



7oij EXrElUMKNTS TO ACCOMPANY CUAPTEli IlL 

A lik-r of hydrogen at 0° and 700 nun. weighs O.osiis;:; 
gram. How much does the hydrogen obtained ]u the ('xpci, 
inent wc’igh How much ought to Jiave been obtained ' 
Jlow many cubic centimeters of liydrogen ought to Jjave bean 
obtained ? 

Oh-y the same experiment, using tin and hydrocliloric acid. 
The action takes })lace as represented in the equation 
Sn + ;>H(J1 = .Slid, -f- J[,^. 

It would bo well, further, to try the exjH'riment also with iron 
and sulphuric acid, and witli aluminium and hydi'ochloi-K- 
acid, and to calculab^ from the results the relation betwemi 
tlui wmghts of th(‘ four metals i-equircd to give equal vuliinie>: 
of hydrogmi, and the veduuu*s of hydrogtm given by, sav, a 
gram ol each nK*tal. '1 he action between iron and sulphuric 
acid takes place acctirding to the e(juali<»n 

\\: -r lb SO, I’eSO, + H^. 

That between aluminium and hydrocliloric acid is represented 
by this (‘quation : 

Al-i-iHlCl = AICI 3 - 1 - :;h. 

HyDKOGEX is PrUIFlKI) liY I’ASSINnj THUOUGII A SOLUTION 
o i< Pur A ss 1 1: M P i: a m a n u a n a t e. 

Experiment 36. — Pass some of the gas, made by the action 
of zinc on sulphuric acid, through a wash cylinder contain- 



ing a Rolution of pofftssiuni ; collect some of it, 

and notice whether it has an odor. The apjiaratus eliould 



DIFFUSION. 


be armiigod lus sliown in Fig. 31. Tlio solution of poius- 

pcriiKingiiiuite is, ot course, coiil;iiue(l in the small evi- 
J, and tlic tubes so urninged that the gas buhhics 

thri'iigh it. 

lJ:is th(' gas any odor or taste or color? 

Experiment 37. — Tlace a vessel coiitaiidng hydrogen with 
the nioulh upward ami uncovered. In a short time examine 
the "■as eontained in the viessel, and see whet her it i.' hyiii’ogeii. 

Wiial- d(jes this ext)eriinenl prove with ret’eienec to ihe weight 
of Ihiirogen as comttared wilii that ol tin' air.'' 

Experiment 38. — Gradually bring a ve.-sei containing hy- 
(ll■(.^^n with its inoulb nt)ward 
below an inverted ve^^el contain- 
ing air, in the way siiowu in I'lg. 
h'b After the. vessel which con- 
gained tlie hydrogim has ln'cn 
hrongiit, in t\ie n\>nght \)osi\iou 
hiaieatli t\\e oilier, exumiui‘ l\ie, 
gas in each vessel, ^Vhie\l one 
contains the hydrogen? 

Experiment 39. — Soa])-huhhl(‘s filli'd witli hvilrogi'ii risi' in 
the aar. ddiis (e\']H'riin(‘nt is best ]K‘i’t‘orme<i by connecting an 
ordinary clay pi])e by im'aiis of a ])iee(* of rubber fubing with 
tin* delivei‘\'-(ul)e of a gasometer tilled with hvdrogt'ii. Small 
balloons ol' collodion an* also made for the tmi‘t)Os(‘ of showing 
tin' liglitness of liydrogen. 

llv 1)1100 i;n I’Assiis uEAinnv Tiiuouoii Fonois Vessels. 

DiM'I'SION. 

Experiment 40. — Arrangi' an ap])aratns as sliown in hhg. 
th>. It consists of a {loroiis (*art hen wart' (uip, such as is used 
in galvanic, hatti*ries, titt«'d wi'th a ])erfoi-at«‘d cork eon met ed 
with a glass tnhe g tod h'et long. Fht' cork must lit air-tight 
into the inonrh of lh(‘ cup, as wi'Il as tin' tube into the ('ork 
This may la* secured by shoving the cork into tin' eiip until 
itsoiii,<'r surface is ('ven with tin* edgi' of tJu' cup, and then 
covi'ring it carefully with sealing-wax. Ihit the lowm’ ('iid of 
I In* glass tube through a, eoi'k into one in'ck of a WOllf's 
Dottle containing some water colored with litmus oi- indigo, so 
ihat, tin* end of the tnhe is above tin* surfaei* of the wab'r. 
I'h rough the other m'ck of (In* hotth* pass a tube slightly bent 
nutward and drawn out at tin* (*ml to a tim* opi'iiing. Th.is 




'ii)S 
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tube must ulso bo fitted to the bott](‘ by jin air-tiirlit 

r and its lower (uid must h,. 
below the surl'acc' of i|„. 
liquid. A’ow brino; a 1 h.||. 

I Jar containing drv livdr,,. 
g(‘n ov(‘r tb(‘ porous ciip, 
when (Ik; lirpnh] will ho 
seen t(j rise in tin* slmrt, 
bont liib(‘ that (lips hr- 
low tlie Ji(|iii(i, and }>(> 
forced out of it, soiiu'- 
tinies wirli eonsidcM-ahl.^ 
velociiy. Wdtbdi-aw tin* 
bell-jar, and bubbles will 
rise rapidly from tlu' bot- 
tom of the tube whiidf 
di])s under the water, thus 
showing that air is enter- 



Fig. 31. 


iug tin; bottle. 1 bis is due to tlie diffusion of the hydrogen 
from the porous cup into the air. Explain all that you have 


ClfFMIC’AL PUOPERTIFJS OF 1 1 Y DKOOFNT. 

Experiment 41. — ff theia* is no small [ilatinum tube .avail' 
able, roll uj) a small pieet? of ])latinum-l’oil and melt it into 
the end ot a glass tube*, as shown in Fig. iff. (’oniiect tlu; 
burner thus made with tlu^ gasometer containing hydroLUMi. 
and alter thi^ gas has bemi allowed to issue from it for a 
moment, set fir(‘ to it. In a sliort time it will bc' seem tliat tie 
flame is practically colorless, and giv(‘s no light. That it is 



product FOUMhJD WUE.Y JIVDHOam lii BURNED. 




jiot ciiii readily sliowu by lioldiiig a piece of platininn wire 
,)!■ ;i piece of sotiKi otlici* iiictal in it. 

fixporiment 42. — Into the ilame of burning liydrogeii in- 
trodut c a small coil of })latinuni win*. Wliat cliaiigc is ob- 
V IntrodiKM' alsoa })ioci‘ of magnesium ribbon. .Explain 
dilba-ciicc bct\V(‘en the two cases. What 
l,,v(tiiics of tlu' magn(‘siuni ? of tin* platinum? 

Exporimont 43. — Hold a cvlimb-r tillcil 
with hvdi-ogi'U witli the mouth downward, 
liisert into it a lightiMl taper Indd on a lieiit 
wire, as shown in Kig. do. d'he gas tak<*s tiro 
lit the month of tin* vessel, Imt the lapei- is 
I'xtincnislied. On withdrawing the taper and 
heiding tile wick for a moment in tiu' imvu- 
nig hydrogen, it wiW take t\rt‘, imt on fmlting 
it i)aek in tile iiydrogeii itwiii again iie extin- 
gaisiied. t)t\ier imniing si\\>stain-es siionid 
iie fried in a simiiar way. Wiiat (‘oneivt- 
sions are pvstihed by the last two experi- 


ments? 



Fia. 3;). 


FiiODUiT FoitMKi) wiinx IIydkooex is iujuxed. 

Experiment 44. — Hold a eh'an, dry glass plat(‘ a few indies 
ahov(^ a hydrogim llaine. What do you observe? Ivemovo 
what is d(‘p()sit(‘ii upon the plaby and Jiold the jilate again 
over the ilaiiu'. Ivepeat this a number of tiuu's. Wliat doixs 
the substaiiee deposili'd upon tlie jilate suggest? Can you 
[lositively say wliat it is? 


RnnucTiox. 

Experiment 46. — Arrange an a[)paratus as shown in Fig. 
d(). ddie flask A contains /.inc and dilute sulphuric acid; tho 
cylinder /> a solution of potassium periuaugauate; the cylinder 
U coiK'entrated sulphuric acid; and the tube D graiiulabal 
calcium cliloridix ddie object of tin* potassium permanganate 
IS to purify tlie hydrogen; the object of tho comamtrated sul- 
])hurie acid and calcium diloride is to nmiovc moisture' from 
the gas. In tho tube? E put a b*w pii'ces of the hlae^k oxide' of 
ceipper, or cupric oxide, CuO. After hyeireygen has hee'ii pass- 
ing long enough to el rive all the air out of tlie appai‘atus 
(about two or three minutes if there is a brisk evolution) beat 
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tlie oxide of copper by niejins of ji flame applied to the tube. 
What change in color takes place? Try the action of nitric. 



jicid on the suh.stniuM' hidOi’i* tln^ action and alter, and noi(‘ 
whetlaa’ thei'e is any dilTerenee. W hat ap[)eai's in f/? K.\- 

])lain wdiat yon have s(mml 

Experiment 40. - 'Try the e\]Ma inie]it jiisi drscrilK'd, using 
fv'rric oxide, or o\id(‘ of ii'on, l’'e„(),,, instead of (‘Upric; oxide. 
What is tin' eoninioii feature in the two r(‘aetions? 

KXPFJtniKNTS ^ro A(’(’()MPA\Y ( lIAPTFdl IV. 
('o.Mi’osnioN 01 -’ WArint. 

Experiment 47. — An-ang(^ tin* a[>]):iratus shown in I'ig. d(! 
xvitli a straight, tube instead of tin* l)ent IuIk- A’, and eonneet 
this willi a, small bent tnh(‘ containing caleimn (diloride, a- 
shown in Fig. Weigh tnlie A’ empty, and aftm- the cu})rie 



Fin. 37. 


oxide has been put into it. d'his gives the wadglit of tin' cn [iric 
oxide. Weigh the (nh(‘ E h(“for<‘ the (‘xpmMmeiit. Now pro- 
eee(l as in Fxpej-iment d."*. In (his ease all th(‘ waP'r joianed 
Sy the aetion of the hydrog(‘ii on the ciqn-ie oxide will 1" 



COMPOSTTTON OF WATKli. 


7 ul 

il).s()rl)ed by the c;ileiiim cblorido in tiil)e F. IMiis tube 
tlKM-el'orc; gain in weight, and as oxygiui is j-eniovcMl from the 
eupric oxi(l(‘, tul)(‘ A’ will lose in weight. Aftei- the rcaluction 
is coinph'te weigh tulx' A' and tube /''again. 

Ijot — weight of lub(? A'-j eupric oxide betore the ('X- 
periuK'nt; 

y = \veight of tulx; A' | copper al'ter tlu; experiment. 
'I'Ikmi X — y — W(‘ight ot oxygen laaiiovc'd iVom the eu[)rie 
o\id(‘. 

[jet d — W(‘ight ol‘ tube /' befoix! tin; experiment, 
and b ~ ‘‘ “ “ aft(!r “ 

riien b — a — weight oi' water I’ormed. 

lt‘ tlH> expc'i'inumt is pi’optu'ly pcud’oi’ined, it will ])C foiuid 
X — u . S 

‘that the ratio-- ‘ is vm-v maarlv . t)r the result mav be 

b — (f ' ‘ U 

.-tat(Ml thus: In iiim^ parts of water then' are eight paids of 
nxygeli. 

Experiinont 48. — d’h(‘ tulx's in the appaiaatus iista] in Kx- 
jxa'iimmt if, nr soim^ other similar a [>parat us, sliouhl l)e 
gi'aduatnd. fa-t llu* gas<‘s tonmal by tin' action of the <‘le<‘trie, 
-ai I’reii t , as in Mxptaaimmt h, I’ist* in rlu' tuhns, and nhsei’ve 
lilt; voliiiiifs. It will b(‘ seen that wlmu om* lube is jii.-t t'lill 
ill' gas, t lit! otlim-, if it is of tin' saint' si/e. will be nnlv half full, 
thi ('xamining tin' gast's the largaar \t)lunie will be fttiiml to ht* 
livdrogen, and tlu' smaller voluima oxygt'ii. Wdial are tlit‘ 
I'i'lat ivt' wt'ights of etpial volumt's ttf bydi’ogt'n and oxygt'ii? 
In what ])i’t)poi'tion i)V wt'ight ai't* (lit* twt) gast's obtaimil 
from watf'i’ in this experim^'iit ? How does this result agrei* 
with that olitained in tlu* prt'eeding expt'rinieiit ? Hoes this 
'■\ pt'i'iineii t jii'ovt' that watei' etmsists only of hyd rtigen and 
'xygt'u ? 

Exporimont 49. -bass livtlj-ogeii from a gent'rat iiig-ll islv or 
a gasomett'i- through a tube ('oiitaining somt' suhstanei' that 
will absttrl) moisliirt'; foi’ all ga.st's math' in tin' t»rtlinary 
nay and eollt'ett'ti ovt'i* waiter art* charged with moistuie. 
riie eaieium ehloriile sliouhl btt in graimiatetl form, not 
powdt'rt'd. After passing the hydrogi'ii through the eal- 
■lum ehloi'idi', jiass it through a. tube ending in a nai’ittw 
• peiiing, and set tin* to it. If now :i <// y xa'ssel is held over 
the llame, drops of water will condense on its surfai'c and run 
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down. A convenient arrangement ol‘ the apparatus is shown 
jOl h'ig. 38. 



Fkj. 3S. 


A is tlu' calcium cliloridc Before ligliting tiie jet, 

hold a glass plate in tin* ('s<‘aping gas, and see whetluM’ wat(u 
is deposited on it. Light tlu' j(‘t hi'forr ]')ii(ting it nndei* tlie 
hell-jar: ot]!(‘i’\\'is(*, if hvdrogc'ii is allow('(l to ('seap(Mnto the 
vessc'l, it will eoiitain a mixture of air and hydrogen, and this 
mixture', as we shall soon s(‘(‘, is explosive'. 

Experiment 50. Mix hydrogem ami eexygem in tlie' pro])e)]*- 
tions of about v ve)lume‘s of livelreygem te) 1 volume' of eexyge'u, 
in a gasonu'ter. hill se)a])-l)uh].)le‘s, maeh' as dire'ete'd in Lx- 
perinu'iit 3!), with this mixture', and allow them to idse' in the' 
air. As the'y rise*, hj-ing a lighted tape'r in ee)ntact wit h themi, 
wlien a sharp ex[)losiori will oe'emr. Lre'at (*are' must he takeai 
to ke'e'p all tlame's away from the vicinity of the^ gasometer 
while* the* mixture* is in it. ddiis e'xpe'j’ime'nt is e'onve'uie'ntly 
perfeerme-d hy hanging up, about six to e'ight fe'e't ahe)ve the- 
ex [)e*i’imemt-tahle, a ge)od-si/e‘el tin funne'l-slia jee'el ve'ssel. with 
the; mouth de)w?iward. Xe)W j)lae*e; a. gas je't e)r a small tlanie* 
of any kinel at the; mouth of the; ve'sse*!. Tf the soap-huhhie's 
are alle)we'd to rise; he;low t.his apparatus the*y will come in eon- 
taf't with the* tlarne; aiiel exjelexlc at ()ne;e.* What docs this 
e*xpe*i-ime;nt show y Dex's it give any information in regard t" 
the composition of wat(;r? 

* The; sMine a|)f)ar;ilas may be iiseel in experimenting with soap 
bubbles tilleel with hyelrogen. 
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El] \n(n\ vy V in ( ' K \ i> i: u i m e x-v^. 

Experiment 51.- -Tlic griHMa\ \n4‘t\\<)4\ oi «tiu\y‘\u^ i\w 
coiubinaliou of Uyih’o^tMi ami oxyg(Mi V>y moans of tho ondi- 
omoter was doscribod in tlio toxt (st'c p. 50). 1\) wbat was 

thoro said it nood only bo added iluit, in oxplodina; ilu; mix- 
turo in ilio oudioimdcr, tlu^ latter should lx* hold down linnly, 
by moans , of a olam]), a_a:ainsi a thiok ]mooo of rnhlx*!* oloth 
plaood on tho hotiom (d' tln^ moroiirv-trounli. In inakiiiij; tho 
moasunmionts of tiu^ voliiim* of rh<‘ gases and tin* height of 
tho moroui'y column, care must Ix! tak<*n to liava* the oudiom- 
otor ill a [xirpoml icnlar jxisition. ddiis (‘an lxi soon rod by 
riK'ans of [ilumh-linos suspondod Irom tho ooiling and ri'aoh- 
ing noarly to tin* table, by which tho position of tlu? eudiom- 
otor can bo adjusted. 

0 X Y n 'i n u o ( 1 1 : N 1 > no w - 1 u i m: . 

Experiment 52.---llohi in tlio ilame of tho oxyhydrogen 
l)low-pi})(* succossivi'l V a pi(*oo ol iron win*, a. jiioco of a stool 
watoh-s[)ring, a ]iiooo of copper wire, a piooo of zinc, a piece 
of platinum wii’o. 

Exporimont 53. -(hit a piooi' of lime of oonvoniont size 
1111(1 sh:i[x‘, sav an inch long l>y throe cpiarli'rs of an inch widi*, 
and tho saim* (hiokuoss. Fix it in ])osition so that tho ilame 
of the owhydrogi'U l)low-pipe will play U[x)n it. d he liglit 
is very bi-ight, hut by no means us intense as the elcedrio light. 

EXPEHlMKNh’S 'I'O ACCOM JhVNV CHAPTER V. 

OlUJANK’ SPHSTAnVkS CONTAIN’ WaTKU. 

Experiment 54. — In dry test-tnlies heat gently various or- 
ganic snhstanoos as a piooo of wocxl. fresh 'moat, fruits, vego- 
lalih's, etc. 

Water of (Ikystai-fizatiox. 

Experiment 65. — d'ako soim* ol tho crystals of zinc sul- 
phate obtained in Experiment 34. S[>rea<l thorn out on a 
1 ayi'r of til tor- pa per, and tinally ])ross two or tliroo of thorn 
h' twoon folds of the paper. Examine them ciirefnlly. They 
;il)p<‘arto ho quite dry, and in tlio ordinary sense they are 
hry. Heat thorn in a dry tube, when it will ho ohsorvt'd that 
'■ itor condenses in tho upper part of the tube, wliilo the 
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<‘rvst:il.s lose lh»‘‘r liistro, becoming white and opaque, and at 
la>l criinibling to ]H>\v(ler. 

Exporimont 56.— Perform a similar experiment witli some 
gypsum, which is the natural substance from wliicli “ pla.Mor 
of Pans ” IS madia 

Experiment 57. — Ileal a lew small crystals of co[)pe!’ siil- 
phate, or blue vitriol. In this case the loss of water is aecom. 
])anie(l bv a loss of colon Alter all tlu* water is drivoii ot]', 
ttn' powder hd‘t hidiind is white. On dissolving it in wait r, 
howt'Vta-, the solution will ht‘ seen to be l)liu' ; and iftlu'- Ai- 
t;on IS evaporated until the snbstaiiec is deposited, it will 
auain appear in the I'nnii of bliu* eiTslals. 

Kri'i.oi; I :sr I :.\ r Sai/rs. 

Experiment 58. — Select a lew crystals ol sodium siilplialo 
wliieli have iioi. lost llieir lii.-ti’e. Ibit tlieiii on ; uaii li- 
glass, and let tlie/n lie e\poS(‘(| to the air for an lioiii’ or I\w?. 
4 'Ik'V soon lose their iiistiva and nndcn’go the changes iiolioed 
in heating /inc sulphate. 

Diajpt'Kscr.N'p Sai;is. 

Experiment 59. — Kvposis a f(‘\v pUMaos of caleinin chloride 
to tiie air. Its surface wiH soon give evichnioeof tlu' presence, 
of nioisinng and after a lime liie substance will dissolve in 
the water wlindi is absorbtal. 

PUiaFK’A I'lOX 01 W aTKR by DlSTIT.LATrON’. 

Experiment 00. — In an apiiaral.iis like that sliowii in b ig, 
.'’n distil a dilute solution of copper sulpliate or some otliei 



Iof». 30. 

color- ' cilistance. A slow current of cold water must 



METirOD OF DUMAS. 




, , j.jintiiiiu^ rtirou.i'!) the (•<)n(](.‘ris<‘r Iiy (-(ifmccl inir flic -r 

will) II w:itfr-<‘<><‘k. \\ Im-ii tin* wiittT is ijoi’ud ii\ 

the \msses into Uii- inneT twtu' nt \\v^‘ 

con‘iens^‘i'. As this \s suvr()i\!n\t‘(l hy cold \via»*v, the. steam 
ooiulcii^' - (listillcil water collects in the rvwiver. 

jiXI'KItl.^fihVTS TO ACCOttthWV rifAlOKIi VI. 

Itwuwl'l !''■ well U\ l\\\.S c«»UUc.i*\\ou UM\c\>-ia»\\ne lie* .'\h-(:\\\q, 
oiasitv oi c'liic siit»'t:iHcc in ihe form of \;n»(,r. 'rm- ^liiw i- 
yii for tins imryost.' arc llm.-.* (.f Duma-, tia\ Lii>'ac, 

[(,,fiii:i;i;i. ,(!I(1 Viofor .llcyi-r. 'I’.ha' of l>iim:i^-. whic/j 

i;, ii,r:i<;/7f/^ //.'O io//////r .7/c/ >}r!rnijniinj ;ij<‘ .cvo 

cm. /' t/i" m--: .c-.- . f.i / c./;h 

onh\uc;uu \- C n\od\\\ca\\'C\ V'i imv' tv,v. \a\-v. V' ''"v 

\\\ Vs' \ IWWX'I. \\ 'WV.vW '^\\\'.\\\\ \\\ 'Ax-' \\VX^-..\V\ Wc' 'V^-v'V.W, 

MAX \ o\ \n\vvv-V' XXXyoV X.- \'> Xu' v\>-X »-Vn\\X\'-'\ . VVWd. w’iXv.-V XWXVo- 

h c'iUC \\\c Ixyw'xd \\\ ‘A wxiwwtv' vc.-.'cl iult» a cutliomclcr 

ever lacvcury, \\c'At\\ci eudiomotcr and its cnnlciiI.N 1)V 
I'A-Vurj; steam thruxeah a jackxA siwroiindiny it. ai\d mv‘asurii\jj 
till'. Noluxne of va\a.)V fonuctl. '\'\\c method of Victor Meyei 
i- uo;\ Very fowwonoly, (-yt-nuWy wlim \l is ve(y\\red to 
Uetrnonu' (tie s^tentif. 'juavnx of tiie vapor of a subslauci* 
xxliieU bolls at a. hieb lemperal ore. 

.AlKTtiOD OF Dumas. 

Exporiment 61. — In llii.s nn'tliod the liquid fo bo vaporized 
is liroiiylil into a, small balloon like' tliat shown ixi k'iy. 40. 
'riio dr\- liallonii is first wcieiiod, and a small rpiantitv of 
liquid tlieii iiit rodiira'd bvytmtiy lioatimj^ the lialloon and pnt- 
tin^^ the point of its st(*m into the liquid, wltni, on eoolinii’. tlie 
hrpiid rises and ('iioni;l) is (xisily bronulit into the l):dlooii in 
this way. ddie lialloon i.s now plae(‘d (in the position sliowii in 
I'io- 4'^ ill a liat.h of xvatcu’, oil, or ])aranin, imeordiny to tlio 
hoilino;-p()int of the liquid. Tin' hath is lieati'd SO-IO'’ ah no 
I lie hoilini!: j)oint of llie li'piid under (‘xamijiation. ddie ail 
is thus driven out and tiu' balloon is tilled wit h the vapor. 
When vapor no loimcr escaja's, the point of the stem is closed 
hy m(4tin,<^ it with a month hlow-pipo. The lialloon is tlion 
'■leaned, dried, and weii^hed. Tin' teriipcrat are of tlie hath 
■iiid tlie height of the ])arnmel<*r are ohserved at tlie time the 
’•alloon is elosed. The point of the stem is broken off under 
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iiieiH'iirv, wluMi llie nierriiry risi's itiid fills tlio ballcoii l'>y 
jioiirinL!: tlio iiKM-ciirv out into a ^I’aduaUMl cyliudor llio ca- 
])a(‘itv of tlu' balloon is dotoniiiiKMl. 'flu* s|)(M*ilio gravity of 
tin* vapor is (‘alculated lyv the aid of tlie forinuki 

JJ = * /^)(' + (lObilGG X i,) 

rA, X 0.001‘^93 ' 

in which 


/V rr weight of balloon at /° and 7/ uim.; 

L\ = “ “ “ witli va[)or, at and /t^ mm.; 

/' — capacity of the balloon in enbie ccntinieters; 

0 001‘vl)3 wi'ight of 1 (*,e. air at ()‘ and ibO inin.; 

y; = weight of ail* in balloon at and A mm. 



iMirnioi) OF Vktok Mkyfr. 

Experiment 62 . In this method a known 
Wciglit of snbstane<‘ is converted into vapor, and 
th(‘ volnnn* of vapor foianed is ib’ba'mined by 
measn lang the volimn^ of air whi(*h it displaei's. 
'^rhe apparatus consists of an onba* cylindrical 
vessel /I, Fitr. 4'.’, and an inmn* vcss(‘l />, whicli 
is connected with a tube f'. ^rin* V('ss(d /> has a 
(;apac:tv of about 100 ee., ami is about :i00 
mm. long. The tube 7', with its fnnnel-shapiul 
end Ej is about Gt)0 mm. long. Mrst, a small 
quantity of some substanei' with a boiling-]a)int 
lilgh enough to sernire the complete eonvm’sion 



Fin 4*? 


into vapor of tln^ snbstanei; to b(? stndii'd, is jint in tl- 
bottom of the vessel .4, and a little ignibal asbestos ordi\ 



OZONE. 


, i;7 


i)i(‘i-(*iiry ill the bottom of tlie V('ssel //. 'riu* .siihstMTici; in .1 
is now liented to boiliiig, and E is closc'd witli a l•ul)l)('^ stop- 
p(‘r. Aftei- a time tin; hmiperatiirc! of tlic air in // is raised to 
that ot the vapor in ^i,and no more (‘scapes from tlx; tnh(' !>. 
Wlum this eondition of (Mpiilil)i-iinn is jH'aelxal, a . small weighed 
(puintity of the suhstanei' umh'r (‘xamination is drop[»ed ii lo 
the V('ssel //, tlu' stopper Ixang nmioved from A’ and (pdeklv 
r('[)laeed. '^I’lie snhstanee is eonv(*rt<‘d into vapor, and displaces 
an (‘(piivHhmt voliiim* of air, and this displaeiai air is eolleettal 
ovm* water in tin' ineasuring-tulx* |)laeed ov(‘r the end of I), 
W Inm no Jiioia' air eseap(‘s, tin* volume is detei‘niine(l iji the 
usual way. 'hhe speeilie gravity of the snhstanee is ealculated 
hy the aid of the following formida: 

1 ) , . ^ ! h.(>o:;(;(; /)’:iio 

. —A - j . 0 |)0]O();p 

in wiiieli O.OOltv’fh} is the weiglit of 1 oc. air in grams at 7G0 
nim. and U and, further, 

N-- weight of snhstanet' taken; 

/ temp('raUii-e of the room, or of tlie water in the measur- 
ing a jiparalns; 

/) height of haiaunettug 
w rr tension of aipieons vapor; 
r ~ observed volnini* of air; 

oi', the formula can h(‘ simt)lilied by division, wlien it fcikes 
this form: 

(I -}- ikOOiniii X /)5fS7,780 
jJ — /J» y . — t 

(/> — w) V 

ddie above is tlie simphvst foian of apjiaratus us(m1. To avoid 
opening and shutting ttu* v('ss(‘l in ord(*r to introduee the sub- 
sianee, an arrangeimuit has been di'visi'd for holding tlu' sub- 
stance beh.'w the stopptu’ until tlu' ]n-op(‘r tmu peratiiia' is 
leached, and t hen la'hsasing it without dist urbing the stopper. 

KXPEULMENTS TO ACCOMPANY (dIAPTEU VII. 
Ozone. 

Experimont 03. — Ihit a b'w sticks of ordinary pliosjiliorus 
' n the bottom of a good-si/aal bottle witli a wide mouth, and 
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partly covyr the pliosplioriis with wat(‘r. In :i short tnur tin 
odor of ozoiH' will l)«‘ i)on*optihU\ iind th(‘ <;:is can also he il,.. 
tcclc'd hv nu'aiis of striiis of paper wliiidi hav(‘ btaai iiioislcnrG 
with a ddiitc solution of potassium loduh' and starcli-pnMr. 
Sec \\lic(h(‘r siudi papers arc clian^rd in the air? \V hat is t li(> 
?aus(‘ of tht‘ chani;-e?' If convenient, examine the air iti the 
a(‘ii:,hhorhood ot a trictional electrical machine, and sro 
whether it causes the papers to (diani;v color. 

II VDiamiiN i)io\ I [)!•:. 

Experiment 64. — hdiu'ly powder soim* hariiim dioxide, and 
add soiiu' of il to dilu*e siiljdiurie acid. hilter from the piv- 
eipitated harium siilphaUa and with the solution try tlm Ini- 
lowitiLt laraetioiis : 

Heat some in a test-tuixn What tak(‘s pla(*i‘? — Add to an-* 
other small portion a. little rd a dilute solution ol potassiiiiii 
liermantrauate. To anotlier portion add a little liiiely pnw- 
<h‘red Ilia M u'a lU'se d lox id(‘. What i'^ Lri\'en oil - I o a dilute 
solution eontaiiU'd in a small stopperod eylindiu’ add a I' W 
di-ops of a diluto solution <d’ i)otassium diehromate, and (piieh- 
ly add ether, and shako tho cylinder thoroughly. 

KXIMHUMKN rs TO A( '( '0>n’AN CIIAP riVl VHI. 

I’lMtiw i; a'hon of ( dn.onivi:. 

Experiment 65. —Hour 'Z or .d ee. eomnmt i-ated sulphurie 
aend on a yo’am or two of common salt in a tesl-luh(>. A ya- 
will 1)(' LOVeii olT wlhudi foi-ms dinisi' white funu'sin the air and 
lias a sharp, j)emdrat inir tast(‘ and smell. This is hydrocdilorie 
acid yas. 

Experiment 66.- -Hour Z or .d ee. eoneeiit i'at<‘il sul phurie acid 
on a few 'grains of manganese dioxido in :i test-tiiho. lloaf, 
and examim* tlu; iTivcn oil. (k)nvine(‘ yoursi'll that it i 

( ) X N' LU ‘ 11 . 

Experiment 67. — Mix Z pnams manyumosc' <lioxid(' and 
ji^rams common salt, l^)ur 1 to o ec*. dilutt' siilphni’K*. acid on 
th(‘ mixtui'c in a t(‘st-tuhe. This (‘xperinn'iit should lie poi^ 
fornu’d under a hood in whicdi the draiiydit is o;ood, as the y:! ' 
wdiieli is o^ivoii off is not. only d isaorei-ahh*, hut irritatiTyy; i ' 
the respiratory origans. Notie<! the color and odor of the ;ya 
[Does it support eomhustion ? Does it hum?] 
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way to rniiko dilorine is tin* following : yiix :> |,;i. |s 
^,,ais. ly gniiiiilatcd niaiiganose dioxide ;ind o mirts (‘omim-- 
Iv <ii;iMulatcd coimnon salt. 

M:iki' :i inixtun* of 1*^ ])arts 
(•oiicfiitiatcd sid[)lmric acid 
;iiul i; paids wat(‘i-. L(‘t this 
)iii\Uirc cool down to tin' tcni- 
liciatiiic of tin* room, and t hen 
jioiir it upon tln^ nii\Uii-c of 
sill and iiiangancsi' dioxido. 

(iciitly heat on a sand-halli, 
ami a logiilar cniTcnl of clilo- 
laiu' will !)<‘ ^ivoii olf. d'hf gns 
is ciiilcctcd hy d ispiacrmciit of 
air in a di'v gla.^s v<‘>sel. 'The 

wpparal ii< fnr iIk' purpo-c is 

ariMii'i' d as shown in .pp 

'I'iu' di'livoi-y-\u\H' siiouhl rcaoh 

*'"■ '-"''l-iitri vrs.,.|. ;nul Uu. n.outl, of tlio 

''"''1 " ''"''''''M Nvnl, a pa-, papn- to pvovaut ruv- 

yin> ot aiv fvoio ravvynoj; awav I la- rl,\ovua-. As Uu- pis (-.,1- 
V' is tu Uu' vessel the exp(>nmonter can pnl-o of l\u‘ (pvanlitv 
hri'seni, hy means of th<> color. 

Exporimont OS.—ColU-rt six o,- (-i-lit ilry .-yliiur-is oi- l.ot- 

ll'-> lull ()i i-lildi-iia-. Maka tla- ^as ironi alioiit ‘.10 ui-anis of 
inaiiuaia-so ilioxi,!,-. usiiiu (la- otia-r sul>s|aia-as in llio iii-onoi-- 
tioiis already staled. 

(1) I lit I’od lice into one ol tins vessels containing chloi'ine a 
little fiiK'Iy powdi'rcd antlmoiiv. 

('!) Fiito a second visscl juit a. f<>w jiiiaa's of lieated tliin 
<‘''pper. foil. 

(•') Into a third vessel jini a ])iec(' (»f paper witli some wi it- 
nigon it, soiiu' llow'ers. and pic'ces of cotton ]»rint. Tin' snh- 
sfaiiees used mns(, he moist. 

(1) Into a fourth vi'.^sel put a dry pice(> of tin' same cotton 
I'lint as that, used in the prc'vioiis expmnmen t. 

What conclusions do the n'snlts of tin' ahove ('xperiments 
.I’lslify as to tin' eoiiduel of ehloriin'? 

Exporimont 00. Ciil, a pio, llllcr-p.-ipo,- ahout an iiu-li 

" Ilia and .six (,,,aiuiit ini-lias Iona. roiiron Miis soma ordinarv 
'S of tiirpanl.ina pi-avimisly wannad slio-|,||v. Intn.diiaa (Ins 
lido Olio of Ilia va.s.sals of cliloriiia. A tiasli of llaiiii- is noticad. 
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and a dense black cloud is formed. I’hc acdion in this c.i, ,• 
is due to the great atlinitv of chlorine for hydrogen. Oil ,,| 
tur|)e7itine consists of earl)on and hydrog(’n. Tin? mam action 
of the chlorine consists in (‘\t racting t!it‘ hydrogenand Icaviir,^ 
th(‘ carbon. 'rh(‘ ('xpia’iimmt is interesting (diielly in so f;ii 
as it illustrat(‘s the gameral tendency of chloriiu^ to act n[)on 
vegc'table substama's. 

CunoiiiNn Dnco.Mi’osKs WAi’ini ix Tiin Sijxlioht. 

Experiment 70. Seal the end of a glass tiibi' aliont a nu t re 
(or about a yard) longaiul about 1:^ nmi. (.1 iik Ii) 
inimmal diameter. I^'ill this with a sti'oiig solii- 
tion of i'bloriiie in watiu'. Invert it as shown in 
Fig. 1 1, in a, shallow vess(>l containing some o[ 
the sanu' solution of cblorim; in watcin PhuM' 
tin' tube in direct sunlight. (Iradiially Inibbli's 
of gas will be seen to risi' and eolh'ct in tin* up- 
pi'r ('lid, and tin* color of the solution, which is 
at first gri'i'iiish yi'llow, liki? tliat of cbloriiH', 
disa])p('a rs. Fln^ gas ('an be shown to be oxygen. 

(dii.OKiN i: It VDiiA ri:. 

Experiment 71. — Conduct chlorine into a flask 
— eontainmg wat(*r cooled down to about 2 ' or 
Centigrade. If crystals are formed ri'inove some 
by filti'ring ont-ol-doors if the W('ath('r is (*old. Expose some 
of tlu^ crystals on filt('r-];a[)('r umb'r a hood in the laboi'atory. 
What changes have taki'ii place? 

h’oKMATiox OF 1 rYDin^cii Lonr(’ AriD. 

Experiment 72. Liglit a jet of hydrogt'ii in tlu' air and 
earetiilly introdma^ it into a vessi*! (*<)ntaining ehloriin'. Ft 
will continue to burn, but tin' llame will not, appi'ai* the sami'. 
A gas will be givmi olf whndi forms clouds in tin' air. ddiis 
gas has a sliarf), ]>('net rating (,ast(‘ and sun'll. 

Experiment 7:3.— Half fill a small, wide-moutlu'd cylinder 
over hot water with elilorine gas. 'I’lien till it with hydrogi'n. 
File direct sunliglit must not shine upoTi the cylindi'r while 
it contains the mixture. Turn it mouth upward and a[)plv 
a tlarne. 
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PUEl’AKATIOX OE II VDKOClILOlUC Acil). 
Exporimont 74.— iVrninge an iippanitusas shown in Fig. 4a 



• Weigh out 5 parts coniinon salt, 5 j)ar(s eunecntrated siP- 
phiinc acid, an-l 1 j)ar( water. :\lix the acid and water, tak- 
ing th(‘ usual [U'ccaiitions; let the mixture cool down to tlie 
ordinary teniperature, and then j)()ur it on the salt in the 
ilask. I' or th<‘ j)urposes of the exp(*rinient take about 20 
grams of salt. Now heat tlie llask gently, atid the gas will 
1)0 legiilai’ly evolved. Ccndiict it at tivst through water con- 
tiiined in tlie two \^olll s Ixililes until wluit passes over is 
all absorbed in the ilrst bottle. 'Phe nuson why gas at lirst 
huhhh's through all (he bottles is, (hat the ap[)aratus is full 
of air, which is lirst driven out. When the air has been dis- 
placed, the gas is ;ill absoi’bed as soon as it comes in conlacjt 
'with the water. ^\t(er the gas has passed for ((ui to tlf'aaui 
udniitcs, disconnect at . t, \ot ie(‘ tlie fumes, ddiesc beconio 
denser by blowing the breath on (hem. Wliv?— Apply a 
lighti'd match to the end of thi* tube. I),)es the gas burn? 

Crdlect some of the gas in a dry <‘ylinder by disjdaeenumt 
ot air, as iu the case ot chlorine, d'lie sp(‘cilic gravitv of the 
gas b(‘ing 1.2t), the vessid must of course be ])laced with (ho 
mouth upward. 'That the gas is colorless and trans|)arent is 
shown by (lie appearance of tin' generating tlask, which is 
tilled with the gas. Insert a luirning stick or candle in tho 
cylinder tilled with the gas.— Reconnect tho general iug-tlask 
with (lie series of bottles containing water, and let th(‘ ])ro 
c('ss continue until no more gas comes over. The reaction 
represented in the ecpiation 

2'^iiCl -f 11., SO^ = Xa.SO^ I 2IIC1 
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is now complete. Disconnect the llask, and after it has 
cooh'd dowii pom* water on the contimts ; when the nibstaiu-e 
is dissolv(Ml tiltt'r it and eva[)orate to sneli a concentration 
that, on coolinir^ {]i(» sodium snl[ihate is deposil(Ml. 1 our olf 
tii(^ li(jnid and dry th(‘ solid siihstanei* hy means of liltiu*- 
[.a[)er. Compare the substance with the common salt wliieli 
you put in the llask hedore (lit* (‘xperiment. What ])roofs 
have y(ui that tlu' two substanc(*s ar(' not tlu' sanie’^ Ilc'at 
a small pi('ee of each in a dry liil)e closed at oiu' end. A\'hat 
dilVcrem'es do you noti(‘e ? — Treat a small piece of each in a 
t('s(-t ube wit h siilphnim; a(dd. W hat ditTerence do you no- 
ti(H‘ ? — If in the (‘xpt'rinnuit we should recover all the sodium 
sulj>hat(‘ formed, how mmdi should w(‘ hav(' ? — I’lit alxmt bO 
C(‘. of ih(‘li(piid fi'om the first, WollT's botfh' in a prtretdaiu 
evai)orat ini^dish. I I(‘at ov(‘r a small llame just to boiliny. hs 
liydroch loric acid o-iveii olT ? Can all tlu* li(|uid b(‘ di‘i\en oil’* 
by boiliny 'Ih’V tlu^ action of th(‘ solution on some iron 
lilinys. W hat is yiveu oil'? — Add soim^ to a little granulated 
zinc ill a t(‘st-tub(‘. What is yivmi oil’? — Add a, little to 
soim^ manyan(‘S(i dio\i<h! in a ti'si-tube. W hat: is yiven olT ? 
— Add ten or twelve drops of lh(‘ acid to 2 to d cc. watei’ in a: 
test-tube. Tasti* the dilute solution. It has what is callecl a, 
or (n')d the two teians beiny pract icall\’ synon\- 

mous. — Add a di’op or two of a solution of hluv litmus, 
or put into it a pi('c(‘ of j)aper colorcxl blue with litmus. 
W hat chaiiLTe takes place? CitmiiS is a veyetalih' coloi* pns- 
]ia!’ed foi* use as a dye. Ot her vi'yetalde coloi's are changed 
liv 1 1 vd rochloric acid. — Steep a. few heaves of ihxI cabbaye in 
water. Add a few dro[>s of tlu* solution thus oblaimMi to di- 
lute hvdrochloric acid. Istluuxi any chanyi; in color ? — Tlu* 
color will be I’estorcd in each case by addiny a f(‘W di’ops of a. 
solution of caustic, soda. — In what (‘Xperinumt has caustic, 
soda been ohUained ? Wdiat relation do('s it bear to watei* ? - 
To tlu^ dilute solution of hydnxdiloric, acid add drop by drop 
a dilute solution of caustic soda. Js the acid tasti* destroved : 

k.\pi:iiimi:n rs 'ro AccoMrAXY chap'i kk ix. 

Cniumic Acid and Po'rAssinM (’hi.ohatk. 

Experiment 75. — 1 )issol va; 10 grains (or about ouncest 
caustic; potash in 100 (;c. walcu’ in a b(‘aker-^lass^ and pas.- 
chlorine into it. W hen chloruie passes freely through tlu 
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solution, tluis in(1i(3.‘iiing tliat it is no lon^^^cr absorbed, stop 
the action. After boilin’^ lilter the solution and allow it to 
cool, wlien crystals of polassimn chlorate will be deposited, 
mixed with a little [xaassiuni chloride, liecrystallize from a 
lit tle water. Eillm'olf the crystals and dry them. What evi- 
dence have you that the substance is potassium cldorale? Docs 
it ^ive off oxvi^'en wiieii Inaitc'd ? In a di'y t(‘st-tube pour two 
or thn'c drops of concent i‘ated sulj.huric acid on ‘.i small crys- 
tal of the siibstauoi'. Do the saim? with a piece t»f potassium 
chlorate fi'om the laboratory bottle. Hold the mouth of the 
test-tube away from the face. \\ hat is mjticed in each case ? 
- -hh’aporate the solid ion from which the crystals of potassi- 
um ehloi-atc havi; l)e(‘n nmioved. On allowing it to taiol 
crystals will again be dci)osited. Take them out and recrys- 
tallizc them. l)o(‘s this substance give off* o.xygen when 
heated ? Docs it give off a gas when treated with sul])hnrin 
acid? Is this gas (Colored? Is it hydnadiloric acid? How 
do you know that it is ? If the gas is hydrochloric .acid, wdiat 
is the solid substance from which it is formed? And what 
is left in t he t('st-tube ? 

Experiment 70.— Mix 10 
gi-ams fi'i'sh (juick-lime with 
‘iO ec. water. After the slak- 
ing is ovei*, pass chlorinii iid-o 
it until the gas is no longer 
absorbed. Put tln^ powaler 
thus formed in a llask ar- 
ranged as si 10 w 11 ill b^ig. 4G. 

Pour a mixture of crpial j'tarts 
of sul[)hurie, acid and wader 
slowly through the fnnncl- 
tid)c. (-olhxd bv displaeemimt 
of air tin' gas given off. What 
evidciice have you that the. 
gas is chlorine ? Fig. 40. 



Pi'KciinoKiG A('in. 

Experiment 77. — Make ])otassinm percldorate as follows: 
fh'iitly heat hO to 100 grams ]iotas.<iiim chlorate until after 
hiLving bci'ii li(]nid it bt'comcs thick and ]iasty, and gas is not 
given off wdthoiit raising the (cm|)('ral lire. After cooling, 
break up the mass and treat it with epld water. This dissolves 
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out tho potiissiiim cliloridc and loaves tlie perchlorate, which 
can then be crystallii^ed 1‘rom hot water. Alter the crystallizc'd 
Siilt is (Irieil it is {leeoiupos(‘(l by sulpliiirio acid. To (‘ll'cct 
this decomposition, the tinely powdered salt (10 ])arts) is 
treated in a retort with JiO parts ot* })ure sulphuric acid wliicli 
is free from nitric acid and diluted with its volume of water. 
The retort is connected with a n'ceiver whicli can be well 
cooled. The mixture js lieated, and when the pcrcliloric acid 
begins to come over, the heat is so regulated that the tem- 
perature does ]iot rise above i40A Wlien tiie niixtnro has 
become colorless the operation is ended. 

EXPERDIENTS TO ACCO^rPANY CHAPTER X. 

Neutralizatox pp Acids axo Bases; Foumatiox of^ 
Sal'I's. 

Exporiment 78. — Make dilute solutions of nitric, liydro. 
chloric, and sulphuric acids (1 part dilute acid, such as is used 
in tho laboratoiy, to 50 pin ts water), 
and of caustic soda and caustic pot- 
ash (about 1 gram to 200 cc. of 
water). Measure olT about 20 cc. of 
one of tlio acid solid ions. Add a 
few drops of a solution of blue 
litmus. (Gradually add to the meas- 
ured (piantity of acid siillieieiit di- 
lute caustic soda to cause tho red 
color just to cliange to blue. As Ion n 
as the solution is red it is acid. 
When it turns hluo it is alkaline. 
At the turning-point it is mmtrid. 
The operation is best carried on hv 
means of a bundte, wliich is a gradu- 
ated tube with an 0 |)(‘ning from 
whicli small ({uantities ean he poun'd. 
A convmiicmt shajie is that rejin'- 
sented in Fig. 47. At tln^ lower (uul 
is a small opening. Tlu' flow of tlie 
liquid from tho burette is controlled 
by m(‘ans of a small pinch-cock. Tt 
will require some practice to enable tho student to know ex- 
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STUDY OF TIIF DnODUVTl^ FORMKD. V'.o 

U'tly wlu'u tlu‘, red (ndor disappears and tl\(' l)liu‘ appears, lait 
with pracdiee tlie poijit can In; <lis(;(‘riie<l witli great aeeiiraev. 
blioiild too rniieli alkali he allowed to g(‘t into tlu' acid, add a. 
small moasiiia'd qnaiititv of the a<-id from aiiollier laindte. 
Haviiig ill one experinnad, determined how nimdi of the solu- 
tion of alkali is re(piired to cause (Ikj i-ed eoloi* to eliangi' to 
blue in opi'rating on a given (pianlity of the acid solution, ti-y 
the expcM-inient again, using a d i fh-rent cpiaid d,y of the acid 
solution. If the rc'siilts ot s(‘veral exp<'riments Avilh the same 
acid and alkali are nrorded, it will Ix' found that thei-e is 
ii (hdinite ratio between tin* fpiantities of acid and alkali so- 
lution recpiired to mmtrali/e one anothei-. Jf, for examph', 
15 (‘(a of the alkali solution are j‘e(|uir(‘d to neutralize 'h) ec. (d 
the a(‘id solution, 18 ce. of the alkali solution ^vill he re<jiiired 
to neutralize 24 (xi. ot the acid solution, MO ee. to neutralize 
^0 c(*., etc. Jn other words, in ord(‘i‘ to neutralize a given 
quantity of an acid, a (h‘liuit(‘ quantity of .an alkali is necessary. 
Perform similar ex[)eriinents with the otlaa- acids. Aftmavards 
carefully examine the nunuaical n‘sults. Sup[)ose it should 
reqnii'o 15 ce. of the caustic-soda solution oi- 12 ce. of the 
caustic-potasli solution to neutralize' 20 c(*. of the hvdrocldoric- 
acid solution. Compare tlu* (piantitii's of these* alkali solu- 
tions iK'cessary to neutralize equal (juaiditie's of the other acids. 
What conclusion is justilied with reference to the act of neu- 
tralization ? 


Study of tiif JhiODucTs formed. 

Experiment 79. — Dissolve about 10 grams caustic soda in 
loo c(x water. Add liydrcxddoric acid slowlv, ('xaminiiig the 
solution from tiine to tiuu' hv means of a jneci' of pape'i’ col- 
ored ])luo with litmus. As long as the solution is alkalim* it 
will c.ause no change in the coloi* of the paper. The instant 
the point of neutralization is jiassc'd, the solution change's th(' 
color of the paper to red; when exactly neutral, it will neither 
change the hliu^ to n'd, nor, if the coloi' is changc'd to r<'d 
by means ol another aead, will it chaiigi' it hack again. A\du'u 
this point is rejiched, t'vaporate to complete dryness on the 
water-hath, and se'C what is left. 4’aste the suhstaiice*. Has 
it an acid taste? ])o(*s it suggt'st any familiar suhstanci'? If 
it is sodium chloride, how ought it to condmd itself M’hen 
treated with sulphuric acid? Docs it conduct itself in this 
way ? Satislactory ovideiuMi can be given that the suhstanc.e 
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IS sodiimi cldoridc'. It is not an acid nor an alkali. It is 
neutral. 

Experiment 80. — IkM-forni a similar ex{){‘rinu’nt, nsinjr 
dilute' intric acid and caustic, soda. What (‘vuleuice' have you 
that, llu' product iti this ease is ddl'ereid, from caustic soda? 

Experiment 81 . — IVi-roi'm similar experiments with diluti' 
sulphui'ic a(*id ami caustic soda; with sul[)hLiric acid and 
caustic potash; with niti’ii* acid and caustic, potash; w’lth hv- 
<i rocli lorie aciil end c:ius|ic potash. 1 )iw and examine the 
pi-oduet earerullv in (xudi ease: and keep tor tuturc study w hat 
is not uses I in tlu'se' expeerimeuits. 

FOR ( ilAF'l'KR XI. 

A lai'ce' table' of the* Natural System ot the Fli'incnts. like* 
that on paye lol, slioulel he hiiny iij) m a (’(enspiemous place 
in the' lahoi'atory. It would •'.* well also to have' such a tahl# 
[easted upon a e-ylinder whi<*h e-an he' I'e'Veel ve'e! eeii its axis, so 
that t he' eaenlinniiy e»t the' evstcni may l>e ini jae-sseel npem the 
mind. 

F.XPFitlMFNTS 'lO A( '( ( )M i‘A N (IIAl^rFU XU. 

TitKCA i: A t ION oi lha>\i!Ni:. 

Experiment 82 . Mix toye'l hei* ik.A yranis potassium hree- 
inide'and 1 y'rains m.anyane.-e' el ioxielee Put the' mixliiie' into a 
hot) ee. Hash; eejlim'e’t With a e'oiieh'lise'r (se'e' h'lL;'. h!*). Mlx le 
ee. eonee'li t ra t I'd sulphlirie acid atiel IK) e'e'. wah'r. .Afte'r ('ool- 
inu' pour the lifpiid een the' mixture' in the' Mask. (o'litU' heal. 
\e )e'n hreeimne w ill he* uiveai e)lV m the' form e)|' vapeu*. A part 
of t ins W ill e-eemh'ir-e- ami eeelh'e-t in the' re'e'e'ivei*. Ik'ldorill this 
e'X periiiie'iit umh'i'u Imeeej w ith a yuHeel elraui;’ht. 

1 1 X inumuoM le’ Acid. 

Experiment 82. — In a small jiore'e'lain ('va peiratinc-d ish 
put a feov crystals eej' peetassiiim l)|-e)ni ieh*. Iheur eeii the'ina 
I'cw dlopsed' e-eene-e'ii I rate'el sulphlirie' ae-iel. ddie* white' fuim'S 
eef In (1 rohroniie* .acjel aiiel the' re-del ish-hrown vapeereef hreeiniiii’ 
are' imtiei'il, 'I'le-at, a re'W e-i’v-lals of |)e»tasdum or seeeliiim 
e'hloride' in t he* sa me* wa v. \\ hat el i ITere'iice' is tlie-re' he'twa'e'ii 
the twee eases ? 

d’lie' pre'parat ieen eel* hydrohromic acid may be* shown in the' 
h'ed, ure'-reieim as i'olle>ws: 
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loDl NE. 

Experiment 86. — Mix aljoiit 2 of sodium or ])()1ms- 

siinii iodiiic and 1 i^-i-anis nian^aiiosc^ dioxide. 'Treat with a 
link* c-()n(*('nt!-atc(] sulpinn-ic. acid in a one lo (wo ]i({n’ flask 
ll(‘at ifently on a sand-kalli, ( 1 radnall y t he vessel will he llllci 
with the 1 loan I i fill (‘olored vapor of io, line. In (lie iipjHM’ pail ^ 
of the tlask soiiio of tin' io<liJie will be deposited in the fciia 
of crystals of a. gray ish-1 hack color. 

Expornnont 87. — i\lakc solutions of iodine' in Avater, in 
aleohol, and in a wati'i* solution of potassimn iodide'. 
small (juanlilics in te*st-t iibcs. 

Experimoiit 88. — l)isse)lvc a ])icce‘ of pettassiuni ietelieh' tin 
sl/e e)f a small pea in aliemi loo e e-. wate-i- in a sleippewed ex Tno 
der. Add enemgh eairbeeii ellsul jthieh' te* make a lave'r abeml 
an im*h thick at the be.ttemi e>f the* e-ylimh'i-. Shake* the' twe>* 
liejuids logelhe*r. 1 )eM‘S t he e*ai-be»n elisnlpiiieh' ))econic e*e)lore'e! 
Aehl a elretp of e-hle.)rine watei* and shake* again. W hat elitTe*i-- 
('iiei' eh) you eebserve* in the* t u e> e*ase*,' ? Mxplaiii this. 'Ti'v 
the* same* e'Xpe'rime'iit, using chleereifonii inste'ael e>f e*arhe)ii 
disulphide. 

loDi.Nt: (AN HI*; mrrt'.e ri:o uv .M i:\xs ok jts Action i kon 
S iAia ii-KAsri:. 

Exporimont 89. -Make* some starch-paste* by <‘Overing a 
few go'ains of stai’ch in a porcelain evapoial ing-d ish with cold 
Avatcr, gi'inding this to a paste*, and pouring ‘jOO -MOo cc. boil- 
ing-hot wate-r on it. .After cooling add a little of this paste* 
to a elilute watci’ solution of iodine'. 'The* sol ut ion will tuiii 
])lue if the cond it ion s ai’e* right . \e»waelel a little of tlie' paste* 
te) a diliite'e] water se)|ution of potassium iodide*. Is the'ie* an\ 
change*? .\del a d roj) or I wo of a se»lul ion of chlorine* in A\ate'r. 
A\div the' (lilT(*rcnce? W ill not ehlorine water alone* act this 
Avav toAvard stareh-jiaste* ? 

Action of Scm*HCiuc Acid cuon T’otassicm Jodidk. 

Experiment 90. Ibang a ])ie‘(^(^ of potassium iodide the* 
si/ee of a ])ea in a elry test-tube* ; aeld (mf‘ eliaep of wate'r and 
tliree* or four elrops of eone<*ntrate*d sulpliurie acid ; the salt 
b(*eomes brown ; heat gently ; violet-eoiore*(l vapor e*s(*apes. 
anel with it a gas Avith an odor like* that of rotte'ii e'ggs. At 
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f]„. ,aiin' time :i yt'lluw roatiiiLC ;iji[M‘:u-.s on tin* of tlif 

IhIh al)ov(‘ lh(' aciil. Add ii\o or six drttps more of tli(' a<-id 
roiitiiiiio to luxii i^oMitly. 'Tlir had odor liiv'-t noticed di<- 
•ijijicar- 'a'ratlually, and amd.licr, ijuilc dilha’iail odor, iri'ifnt inc' 

1., (ia‘ throat is now [M‘rco|)( ihlo. d’his is sulpliiir (iioxidn. 

50.. 

A< II'. 

Hxporiinont 91 . — I'a-s cldniaiic into n tc.-l-l iil>c corta inina 
..hMic ill 'ii'P'aision 111 water; or add chlorine water. \\ hal 

luv.an''' of \\\e \odu\»‘ 1 

Expmdvuoul V)‘2. - Add id\\onne wafer t(, a d'dwte so\ut\o\i 
Ilf poiasswwn \od\h\c. and no\v' i\\c >uccc-sive eUanaes. 

EKpeaaiuonV 9tE -\>\^wd\e ioh\\ne in <‘an<\'\e, soda. Add 
an ae\d \o t\\n so\n\\on. VA\dan\ f\\c e\\anees. 

• ll Y imoi i. ionic Acm. 

Experiment 91. In a lead or |ilatiniim vessel put a lew 
crams (.’) (i) of powdered lluor-sp;ir and poiii’ on it mioiicli 
eoneciit I'ateil sulphnrie aeiil (o make a tliiek paste'. (h)V('r the 
surface of a [lii'ci* of alas- w ith a thin Layer of 'vV.ax or paratlin. 
and throiiyh this seraleh sotin' h'th'rs or liaiires, so as to h'ave 
the alass exposi'd when* tin* scratches are made. Ihit tlu' 
alass over the vessel cont.ainina the fluor-spar, and let it stand 
for some hours, d’ake* olT tin* cL'iss, se'rape oiT the eoaliric, 
and the tia'iires wliieli were' mai'ke'd tliroucli tlu* wax or paraf- 
fin will he found ch'lnd on the a'lass, 

KXI’HlilMEN'l'S TO ACOOMI’ANY OIIAP'rixK Xlll. 
pKoi'F.irn Ks OF Sria’iifiF 

Experiment 95.- Distil about 10 arams roll sul]ihur from 
an ordinarv o'h'i’t. What elianae's in ('olor and in con- 

dition take' place'? (’e)lh'e-t the' liepiid siil|)lmr foi’ine'el hy the' 
e'emde'n.satiem ed' tin; vape'r in a. he'ake'r-a'la.ss eontainina ^‘old 
water. 

Experiment 98 .— d're'at seanu' powde're'd roll suljiliur witli 
earhem disulphide ami tilte'r. Doe's it all elisseilve'? dhw the 
>ame' e'X|)e'rimi'nt with llowe'rs of sulplinr. Doe's this all dis- 
eilve'? Put the solutions tocetlu'r and allow to ('va[)e>i-ate'. 
Examinee the' e-i-ystals deposite'el, (’ompare them with some 
natural e-rystals of sulplinr. Se'e' wliether one of the crystals 
will eom[)le't('ly dis.solvi' in ('arhon disulpluele. 



r80 EXPEllIMENTS TO ACCOMPANY CU APT Eli XIII. 


Experiment 97. — -Tii ;i oovortHl sand or llossiaii cruribU', 
nudt a!)()iit v5 u^rains of roll sulpliiir. Lot it (mx)! slowly, and 
wtion a thin crust has formed on the surface make a hole 
through this and pour out the lifjuid part of tlur sulphur. 
AVhat is left? C’ompai'e with tin? crystals formed in the last 
(‘X[)('riment. — Lav tlu‘ (‘rucibh* aside, and in tlui course of a 
few days attain examim^ the crystals. What change's, if any, 
havi' takini plaecL"^ 

Exporimont 98. —Add h vd rocliloiii* acid to a solution of 
sodium thiosulphate. What takes placiL"^ 

Experiment 99. ^ I n a. wid(' test-tube* h(*at some sulpbiir 
to boilini:;. Introduce* inte) it, small pieee-s e)f eaeppeu’-loil e»r 
shei't, <‘oy)y)r'r. Or hohl a, nari-ow piesa* of she(*t coppci’ see that, 
tilt' end just elips inte) the* boilini;- sul[)hur. 

Experiment 100. — Dissolve seeme sul [»hur in e.‘e)nce'ntrate'd 
caustic soda,. In what feerm is tlu* sulphur in the solution • 

IIv DKOeiKX Sfi-i’ii 1 i)i:. 

Experiment 101. — Arraiiize* an apparatus as shown in Fi<;'. 
49. Lut a small handful of the sulphiele* of iron, Le8, in the 



flask, and ])our elilute sulphurici aciel upon it. Pass tli' 
evolve*el <ras thre)U'_th a lit t.h* wa,te*r conta,in('el in the* wash e*yrm- 
der .1. Pass some^ of the* i;as inte) wate‘r. [What evide'tu'' 
have vein tliat it el issol ve*s ? J OolliM-t se)nie by displae'e*me‘nt <»i 
air. Its spe‘e*ili(j i^i-avity is 1. 1 '7'S. Se*t tire* to se)me‘ of the* aa ■ 
contained in a cylinder. In this case the air has not fres 
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ftccosH to tlic and tlin coinbiistion is not complete. 'Plio 
hydrogen ])urns to form water, wliile a part of the sidpliur is 
deposited upon tile insid(‘ walls of the cylindm*. If thi-re is 
free access of air, the sulphur huiais to sulphur dioxide and 
the hydi'ogcn to water. 

Make a solution of th(‘ gas in water in the usual way. Thit 
some of this in a bottle and set it aside, and in the eourse of 
a f(*vv days examine it attain. IJoil anothm' poidion for a. time 
in a test,-Lul)e, and not(' the (diangi's. Pass a, litth' of the gas 
through coiieeiiti’ati'd sulphurii*. aeid contaim'd in a. test-tuhi\ 
and note the changi's. Moisten strips of [lapei’ with diliiti* 
solutions of lead nit rate, enpj)er suljihale, stannous eliloi ide, 
antimony chloride, and mereiiric chloride ; and (‘Xjiose tliese 
jiapm-s m turn to the gas. Whatidianges tak(‘ |)lace? lo'|)eat 
Kxpm'iment !H), and s(‘(* whethm' one of the gases given (df 
^ proiluees similar (dianges. 

Exporimciit 102. — Pass liydrogen sul|>hide sueeessivelv 
through solutions containing a litth* Inul iii/rafc, ('(tdmiinn 
iiilidh', and tirscmc ]»|•('parcd Ity dissolving a little white 
ai-smiic, oi' ars('nie trioxide, .AsJ) . in dilute h vd roehloiii* acid. 
M hat action takes place in each ease? The foimiiila of lead 
nitrate is lM){Xtt ),, ; that of cadmium nitrat<‘, hd(N()J,^: and 
that of the ehloriile of arsenic in solution is As(d.,. The eor- 
ri'sponding sulphides are ngireseiitcd by the formulas hbtS, 
t'dS, and As.,S,^ 


KXPKKnibNTS TO A( '( 'OMPAM Y (’IIAPTKK XIV. 

AIaN I'FAC'l UIiK OF SfIU’IIFKIC A('1I). 

Exporimont 103. — 'Plu' manufacturi* of sulphuric a(*id can 
be illustrated in tin* laboi'atoi’v by means of the appaiatus 
r('pi’(‘sen((‘d in Pig. di). 'Phis consists of ;i large balloon llask 
iitti'd with a, stop])er ha ving live openings. By means of tubes 
it is coniu'ctcd with thre(‘ small flasks. One of tlu'si*, con- 
tains water for the pui’pos(* of provi<ling a (‘urr<*nt of str'am ; 
another, e, contains copp«‘r-foil aiul eone<‘nti-ated sulphuric 
acid, which give sidphur dioxide w!u*n heated ; and the third, 
/>, contiinscop])(‘r-foil anddiluti* nitric acid, whitdi give oxid('s 
of nitrogen, mainly nitric oxidig NO. Wlii'u the nitiie oxide 
comes 111 contact with tlu* air it combines with oxvgc'n, foimi- 
ing nitrogc'ii trioxide and nitrog(‘n junaixide; and when sti’ain 
and sulphur dioxide are admitted to the ilask the reactions 
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ihvoIvchI in tlu' inanufacturn of snlpluiric arid tuko [)la(H‘, 
By nu'iins of n pair of Ixdlows atta<*li(\l at d air is su[)[)li(HL 
If air is not fom'd in, tlio ‘^asos iK'oonu' colorless, owing tn 



nojnpleti^ laalnction of t he oxid(‘s of nitrogo]) to tin' form of 
nitric o\id(', \(), which is (*olorIcss. If s((‘ain is not admitted 
the walls of the v(‘ss(‘l hci-onn* covci’cd with ci-\'stals of nitro- 
syl-snl phnric acid . d’lds is, liowcvaa-, <lcco!n posed l)va]i exec'ss 
of st('ain. 

Experiment 104. — Into a vt‘ss(‘| eontaining ordinary (*on- 
centrated snl phniac acid iiitrod nee small sticks of wood, |)i('c('s 
of pa[)('r, and vai’ions otlna’ organic snhstanct's, a?id not<‘ the 
1 ‘csnlt. ddic (diai-ring clfcct is part icnlai'ly widl sliown l)y 
adding tin* iicid d I’op hy d ro j) t(> a. concentrated solution of 
sngai', 01 - to molasses, and stiri’ing. 

Experiment 105. Snlplmrie acid is detecttal in iinalysis 
l>v adding t)a.rinm (dorid(‘ to its solution, when iiiselublo bar- 
ium .sulphate is rornied. 

H,S()^ p Ua(M, r. BaSO, j 2ll(d. 

Otlier insohit)le sidpliates ar(‘ those of strontium and lead : 
and calcium sulpliate is «lillicnltly solnl)le. d'o a diliit<‘ solu- 
tion of sulphuric acid or of any solnhh* sulphal(‘, add in test 
tubes barium chloride, strontium nitrate, and lead nitrate. 



SUEPIIlfliOLfS ACID AND P>ULPllUli DIOXIDE. ;,s;\ 

^i^Lvuvuov:^ km) \n\) Sulvuvu l)\oxi\)v:. 

Experiment 106.--Put ur t(‘,u pieri-s ul’ «\uu‘t ..owcr, 
one to two mehes \on'^ unA u\)o\it \\;i\t ua \uc,\v \v\<\o, u\ ii oOU 
ec. IV.vsk *, \.) to ‘,'0 (*(‘. c.onrA'utniU'd sul^duiric. neut on W. 

On lieutin^', Hulphur dioxide will bo ovolvod. d'lu! inornoiit 
tln^ gns booins t() oome olT, low(‘r the llamo, and kc'op it at 
.siicli ;i height that the ev<)liition is I’egiilar- and not too a(*tive. 
Pass some ot* the gas into a bottle eonlaijiing water, ddn^ 
solution in water is ealhal sulphurous acid. 

Experiment 107.- l^iss sulphui- dio\i<l(‘ inio a inod<*ralelv 
dilute sr)lutiou ot potassium hvdroxide, iiidil the solution is 
saturated. What is then contained in the solution? d’o a 
little ot it add liydrochloric. acid. What takes place? 

Experiment 108. — dh-y the etb'ct ot heating conceutratcMl 
sul[)hurie a(.*id with tdiarcoal, and with sul[))iur. 

Experiment 109. — t'olh'ct In displaccnuMit ot air sojue of 
tlu^ gas matl(‘ in M\'])('riimMit lOh. Does it burn? or does it 
sup{)ort combustion? 

Experiment 110. — Ikiss soim* ot the gas througli a bent- 
glass tube suri’ouuded by a tre<*zing mixture ot salt and ic(‘. 
Tubes provided with glass stop-cocks are made for such pur- 
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])oses. They generally have the form i-epnesimti'd iii Fig. 51. 
If the tube is takam out of the tre<v,ing mixture, tlu' li(piid 
sulphur dioxide (dianges rapi<llv to gas, it the tubi' is o])en. 

Experiment 111. Ibirn a litth* sulphur in a poixM'lain 
crucible umh'r a bell-jar. Idac<‘ ov(‘r the crmuble on a trijiod 
SOUK' tlowers. Tn tin* atmosjdiere of sulphur dioxide the 
flowia’s will be bl(>a(died. 

SuLi’iTUKOus Acid us a Ekdiuung Agent. 

Experiment 112. — To a dilute solution of potassium iodide 
in a t(‘st-tu))e gradually add chlorine wat(‘r until the solution 
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beooiiK*.s ck*ar and ooloi'li'ss. Now add a Kolution of sulplim- 
ous acid. At first iodiiu' is d(‘}>ositcd, but ou further addi- 
tion of sulphurous acid it dissolves again. Explain all tlu^ 
changes. 

8L LP11UR d'lilOXIDK. 

Experiment 113. — Heat a little fuming sulphuric acid 
gmitly ill a test-tiihi‘. What takes placi'? Hut a little of ili(‘ 
acid (c-lo c-c.) in a small drv retort provided with a glass 
stoppcM- and coimcct with a dry glass receiver. Hiait the n'- 
tort gently, and kca'p the rcccivia- cool. Hy means of a drv 
glass rod take out som(‘ of the suhstanee which collects in the 
reCiMViM' and put it in watian Lay a. little of it on a piece of 
wood and on a piece of [)a[)cr. 

Experiment 1 11. — Hre[)arc linely dividial platinum 1)V 
m()i>tening soitn* line asbestos with a solution of {ilatinie* 
chloridi' and heating to ri'diu'ss in a [loreelain erueihlc. d'lie 
snhstanei' thus obtained is known as plalinizeil aslx'stos. 
Now arrangi' an a|)paratus so that hothowgeii and sul[»hnr 
dioxide can lie passfxl together throiigh a tuhe of hard glass 
as r(‘})resentcd in Lig. d’J. hdrst [»ass the two dried gases 



together tliroiigli tlie empty tidx* and luxit a ]>art of the tuh(‘ 
l>y means of a, burner. Ts th<'r(‘ any I'videnei' of eomhinatioii ? 
Now slop th(‘ currents of th(' gasi's, pg the tul)(‘ ('ool down, 
and int rod ue<‘ a small layer of the pl.-it iui/ecl Mshestos. Hass 
tlie dri(‘d gases over tin* heated asliestos. Wdiat taki's iilace? 

EXHEKTMET^'rS TO ACCOM I*A NY (^IIAHTER XV. 

Ibtmvx u.x’i’iox <)!■' XrruooKX. 

Experiment 115. — HI a good-sizial stoppiux'd bell-jar 

over water in a pneumaticr trough. In tin* middh' of a, Hal 
cork aViout tlirei* incites in di:im(‘t«‘r fastim a small porcelain 
cru(tibh‘, and placM* this on the water in the trough. Put in 
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it I)I('(‘<; of pliospliorus ji])ont twie(‘ tlic sizo of a pf,,, and s( t 
(i,v to it. Qiii(‘kly placo tlio y^dl-jar ov<‘r it. At first some 
;;!!• Will l)t‘ driven out of th(‘ jar. 'Fhe burning will continue 
for :i short time, and then gradually »row loss and less active, 
jinally stopping. On cooling, it will b(‘ found that the 
vnlimicorgas is less than four fifths the original voluimc for 
tli(‘ reason that sonu' of the air was <lrivon out of the V(‘ssel at 
tlu‘ heginning of the ('Xpcaaimmf. Hefore removing tln^ 
stepi.er of tin' Ix'll-jar s('e that the level of tin' luiuid outsnhi 
IS the saiiK' as tliat insid.'. 'Fry the effect of introducing sue- 
iH's.avely s('V('ral burning IxMlies into tins nd rogen,-~a's, for 
cxamplt', a candle, a pi('ee of sulphur, pliospliorus, etc. 

Expcriiiicnt 110. IMaci' a live mousi' in a trap in a liell- 
j:tr ovm' water. When tin' oxygen is used up the mousi' will 
ilie. Alter tin' animal givi's plain signs o| iliseonifort, it may 
4)(' revlveil Ity taking away tins bell-jar and giving it a free 
supply of I'l'csiv air. 

Experiment U7. I’nss air slowly over copper conlaiiuHl in 

u tubi' beatcil Vo redness and eoileet 
I lie gas xvbieii passes Vi\rougb. Uoes 
it act, like uilrogeu 

Exporimout 118. -Tn a gooil-si/.i'd 
^\ oltf s i)oVth' provided witli a, safety- ^—4 
Inniiei and deli verv-tc.ix* as shown in '' 
big. 5:^) put solin' eopper-lurnings 
and ])our ujion them eoneeiitrated 
ammonia, hut not enough to cover 
tin 'll). (M()S(' tin' del i verv-t 11 !)(' Iiy 

nn'ans of a, piiieli-coidv ; and h'f. the 
vessel stand. What I'vidt'nei' of ac'-- 
tion is there? After a time, foi-eo 
soiiK' of tin' gas out of the liotth' by 
pouring water through tin' funnel, 
and ofiening t in' deliverv-l iihe. Dot's 
tln^ gas act like nitrogen ? 
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Analysis ok Air. 

Experiment 119.— Arrangt' an a])|)aratns as in Fig. tf.a. 
Instead of a, plafii tuhi', ust' om; graduatt'd into cubic ceiiti- 
inctnrs. Knclost' (10 to SO cc. air in the tube over wab'r. 
Arrange tin' tube so that the h'vt'l of the water insido and 
ULitsido is tlic same, ^ote the temperature ot the aii‘ and the 
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lioiglit of tlio biiroinott'r. liodiioo t]io obsorvod voIuuk* |<, 
.stiiiidard conditions. Nb)\v in^’odiice a ])ii‘cc of pliosplioi-us. 
as in Kx|H‘riincnt 2(), and allow it to stand for twiMitv-four 
lioni-s. Draw out (he phosphorus. Again arrange the (ulic 
so that the level of the watiu* insider is the same as that oiii^ 
sid(‘. Maki' the iu‘c(\ssai‘y coi-re«‘tions for ti‘in[)(‘ratini', ])res- 
siire, and the tension of a(pieous vapor. Jt wdl b(^ found that 
the voluinc has diniinished considerably, hut that about four 
lifths of the gas originally [)ut in tin; tube is still then'. If 
the work is doni^ pro]>erly, the volume of tlu‘ gas left in tlu* 
tube will b(; to the total volume* use'd as 7'J to 100. In ether 
words, ef every 100 cc. air use'd '.M cc. are absorbt'd by plies- 
])horus, and it) cc. are^ net. d’he gas absorbed is exvgeii, 
identical with the oxygen made' from the oxide* of inerein v. 
manganese eiioxieh*, anel jieitassium chlorate. d1ie gas lelt 
ever has ne) e*]ie'mical ]u-()|)e>rtie's in e*e)mmon with e)xygeii.. 
Cai'e'fully take the tube* e)Ut of the' Ve'ssel eif watei’, e-lesing its 
mouth with the* thumb e)r seme* suitable* eelije'ct to pri'Vent the^ 
conte'iits from ese.'aping. 'rurn it with the* mouth u|)warel. and 
intiodime* into it a imrning stick. Dee's it su[)f)ert combus- 
tion ? Is it oxyge'U ? 

Experiment 120. — Kx pease* a fe'w jeie'ce's eif cale*ium clilej- 
riele on a watch-gliiss to the* air. It gradually bee*ome's li(|uiel 
by al)se)r])ing wate'i* fi-eun the* air. 

Experiment 121 — lax}>e)se semie cle*ar linu'-water te) the^ 
air. It soon ])(*e;ome*s (*e)ve're'el with a white* e-rust. A similar 
change takes [ilace* if baryta-wate*r is cxpose'el in tlie same* wav. 
Ijime‘-wate*r is maeh* by putting a lew {ue*e*e*s e)f ejuiek-lime* in 
ji bottler and pouring wat.e'i* upon it. dhie* mixture is we'll 
shaken up anel alle)we*el tea staml. 'Phe unelisseil ve*d sulistance 
se-ttle's te> the* beittom, and with care^ a clear liepiiel can be 
])Oure“el e)|f the* te)p. 'This is lime*-wate*r, wliiedi is a seilution 
of eale-ium li yel re>x iele*, ('a(()lf),^, in watear. lki,ryta-wate*r is 
a seelntion e)f a similar compemnel of tliej e*le’*me*nt barium. 
AV h(*n tlu'se seelutions are; (*xj)etse*el to iiitroge*!! or e)xyge*n, eir to 
an artilicially j)repai*e*e| mixture* ef the; twe) gase's, no change 
take*s jilae'e*. i*’urthe‘r, if ;iir is tirst passe*d thremgh a seilutaein 
of caustic seela it im lejugear has the pow'er to cause the forma- 
tion ed' a crust eaii linie*-water eir baryta- wate*r. 

Experiment 122. --Arrange* an apiparatus as sbown in Kig. 
54. The; Ml|||sli-cylinele*rs A anel li are; half tllle'el with e)reli- 
nary caustic-soda solution. The bottle C is tilled with water. 
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Tli.‘ D, should )>«* IiIIimI with vvutor and provided 

witli a pin(di-co(dv, acts as a j||>hoM. ()[M‘n tlio ])iii(:li-e(i( 
.„nl iri tli(‘ water How slowly out of tlie IxHtle. As it flnw.-, 
,)ui ;iir \vill he drawn in (lirmnrh the caustic seda in the wasli- 



eylinders. ^\ hen the hoUh‘ is a (piarltn' lillisl with air pour 
'onie water in a;j;:iin until it is full, d'heu draw all iho 
water ulL ISuw remove the stitpper rrom the bottle, ])«)ur 
in 20 to ‘do ee. lime-water and eork the bottle. 'I'lu‘ crnst 
formed on the* lime-vvat(‘i- will now he hardlv, if at all, per- 
ceptible. d’here is, tiien'fore, somethintr pia'sent in tin* air 
tinder ordinary eireiimstane(*s whi(‘h has tin* |)owei' to form a 
(trust on Iinu'-watei- or l»aryta-water, and whi(*h can 1m* re- 
moved by passing tin* air tlii'ongh caustic soda, 'riioi'ough 
(‘xamination has shown that this is tin* compound which 
chemists call (urrhoif dio.nf/c, and which iseommonlv known as 
nirlHuiir arid f/as. It is the suhstama* which was obtained by 
burning ehar<a:>al in oxvg(*n. 

Exporiment 123. — Into the bottle eontaining the air from 
which the carbon dioxide has h(*(*n remov(*d hold a burning 
sti(*k or ta|)er for a mnm(*nt. Notice whether a crust is now 
formed on the lim(*-wat(*i\ Wood and tin* material fi'om 
which the tap(‘r is made contain (*arhon. Explain the forma- 
tion of the crust on the linu'-water after the stick of wood or 
taper has burned for a slim-t turn* in the vessel. 

Exporimont 124. — Arrange' an apparatus as shown in Fig. 
55. The bottle . I ('ontains air. /> (*on tains e.oncelitra ted sul- 
phuric acid, f/ contains granulat(*d calcium chloride, /) is eaia*- 
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fully dried luid eoutaiiis ii few [»ieees of ^niuulutcHl (*,aleiuni 
cldoride aud air. i*our vvater^.hrougli the funnel-tube inte 
A, when tin? air will h(‘ toreiMl through /> and (* and into J). 
But ill passing through B aud U the moisture contained in it 



will be I’emoved, and the air which entci’s 1) will bo dry. 
Afti'r A has ()ne(‘ Ixhmi lilhal with wat<‘r, ('inptv it and fill it 
again, letting the dri(‘d air [)ass into !>. This o])erat.ion may 
bo rep(‘at(‘d indetinit(‘ly. The calcium chloride in D will not 
glow moist. 


i:xiM:in>fi:NTs to accompany chapter xvt. 

PiiKi’A ic\'i io\ AND Ihan'KR'iins of Ammonia. 

Experiment 125. — 'I'o a little ammonium chloride on a 
watch-glass add a few drops of a. strong solution of caustic 
soda, and notici^ tin* odor of the gas given oil*. Do th(^ saaiu' 
thing with caustic; |)ota.sh. Mix small cpiantities of ammo- 
nium chloi’idc* and lim<‘ in a mortar, and add a i’c;w dro])s ch' 
water. 

Experiment 126. .Nfix 20 ])ai’ts ii’on lllings, 1 part potas- 
sium niti’ato, and 1 part solid potassium hydi’()xide, and h(;at 
tlu; mixtui-e in a tc'st-tulx;. Is tlnu'c' any evidema; of tiic 
formation of ammonia? 

Experiment 127. -Arrange; an apparatus as vshown in Fig. 
45. Jn th(‘ flask put a mixture; of 100 graans slaketl hinc' 
and 50 grams ammonium chloride. I[(;at on a sand-bath. 
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Afi.T tlto air is driven out., the <,n,,s will hu 

soi Ikm] by tbo wutcT in t lu' girst \V«.|^’‘\s ^ 

tl;i>k if slinken from time to linn-. Dis- 
coiiiit'ct, the (leliverv-tnl){‘ from (ho series ‘ i 
of WcKT's fhisks, end eonneet witii an- i I 

oilior tube bent upward. ColbM't some of j > I 

the i^as l>y displaeenient of \\\v^ plarj mj the I 

ressri loilh ihe mouth downirard. (Wliv?) : | 

The ai i’an^onnent is shown in Kii^^ r>(;. I’lie 1 J 

vihvi'l in which the <^e(s is eolh'ctcd shonhl ! 1 

lu tiry, us water a\>sor\)s amimmia very i nfii 
readily. ^Vence, a\so, it cannot lie eoUi'cteil ul 

over water. In the gas enUeet..,! nilrnduee JJlIl 

a hur.nug slvek nr taper. Annnn.iia dees 

not hnru ,u air, inn- dnes il suppnrl c-.,n,- I 

i^nstKm. In working with Uu* p;as ^reat care. ^ 

must betaken to avoid inliabni,^ it in any nn. 

evhilliMI ^^1'^"'; -.lleelnd in evlinders to 

v.vhib UlK^ elnel propertnes. eonneet th.. <leiivevy-tnhe .■nmin 

wAh t n sera. „f Wnliry llask.s, and pa.s.s the gas'throngirtho 
watn as lon^ as it is evolvcal. 


i\.M.N(0>yIA I > URNS IN' OXVGKN^. 

Experiment 128..-rnt a litlle of a eoneenl,-ated sointion 
"I iininiOMia in a llask plaeiMl uimn a tripod. Heat geiitivand 
'■<'■1. a gasometer, jm.ss a rapid enrrent of oxygen thrmigli a 
"■Id ful.e into the h.pnd. Apply a. light 1(, the immtli of the 
ve.s.sel. wheti the aminoiii.-i wdl he seen to burn. 


Am.moni.\ i.'oiiM.s A.M.M0MrM S.M.TS wmr Aoin.s. 

Exporimont 129.-1-,, t 109 ee. ,/,7a/e annnonia .sointion in 
MM evapo,y,,„g.dish. T,-y its elTeet or, ,-ed lit,„„s pap,.,-. 
Mowlyarld d,l„te hyd.-oehlorie aeid „„ti| tln^ alkali,,,. ,-,.a,.tio„ 
IS <le.st,-oy,.d a, 1,1 the sointion is ,i,.„t,-al. Kva],,„-at,. to drv- 

nes.s on a, wat,.,-l,ath. (!,„np,.„-e the .snl.staneo thns obtained 
'vith .sal-a,„,„oniae, or a,„„„>„i„,n ehlmid,.. 'I’aste. Heat 
I'll II pieen of platinnni foil. Ti-eat with a eanstii” alkali. 
'I'lvat with a little eo,iee„ti-ate,l .s„lph„ri,r acid in ,lrv t,.sH 
l„h,.,s. Do they ap|, ear to he i,l,.ntieal ? SiinilinU- s,ilph„,-ie 
iieid and amnnwia yi,.|,l a„„n,mi,i,„ sniphale ; nitn,' a,'id ami 
ammonia yield ammonium nitrate ; etc. 
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Experimont 130. Fill :» 'Iry cyliiidor with :tniiiioni.i -is 
and another of tlie same size i§iMi hydroehlune arid ^as. Bmj. 
tluMii toij;ellic“r with tlu'ir moiiilis (*(>v<-r('d. Quickly reinovr 
tlu‘ covers, when a dense white cloud will aiUK'ar in and ahoiit 
the evlinders. d’iiis will soon .-ettle on tie' walls ol tin* vessi ls 
as a ihyht whit(‘ solid. It isamnioiiium <ddoi’ide. d’hns, fiom 
two (‘olorless uases W(' a solid sulistanet' l»y an act of eheine 
cal combination. 1 leal is t'volved in the act of eoinl)ination. 

roMposmoN OF Ammonia. 

Experiment 131. — d’his expeianient should be jiei-fornii <i 
by a yxM'son experienecd in the use ol ehemieal ajiparal ns. A 
oiass-tiibe, sneh as rejn-eseiitcd in ol. [l|•o\idcd with a 

class sto{)-eoek is net'ded. Ibll this tube with ehloihlie five 
from air over a satuiated solution of ."odlnin elihnide. Attc^ 

it i,- tilled let it stand for some 
time niont h down wa rd in t lie 
solnt ion of sod inin chloride lo 
let l he li<|nid drip out of it, 
(’los<- the slop-eoek and re- 
move it fi-oni the solution. 
Hold the tube nioiitli iipwani, 
and pour a eoneeiil I'ated solii 
t ion of aninioiiia into 1 he 1 nn 
ne'-like pi'ojeel am above t he 
Slop-eoek. put ill tile Ldm-' 
st,<tpper, and now by sll^liMv 
openinc lb<‘ stop-eo(‘k let the 
amnntnia pass drop liy drop 
into tin- t nbe. Iteaet ion be- 
twi'cn the ehloriiM' and the 
ammonia takes place, aeeoni 
paiiied b\ a niarki‘d <*vo]n- 
tion (d’ heat, and in a partly- 
darkcneil I’ooin belli is semi. 
(Jneat. care must, be takmi not 
to admit air with the am- 
monia. Afte]' nearly all the 
ammonia has passed in from 
the fnnnel, pour into the 
Fio. r.7. funnel about two thirds as 

mneh ammonia as has already luam nsml, a.nd let this 




AM) J*K()l‘Kin'lKS OK MTUK AKID. VA 

m lAn.vWy. tl>(‘ stop-cocV cln^cA. niid {]]] tlie 

With sulphuric ai^id. Kit a Ixait IhIm' into a 

till this tul)c \sith dilute .-ul[>huric acid : put tlu' 
,,,,1, ill the t'niiuel, ami the other end of th<‘ tuhr iii :i sinail 
r c(mt:iiniii,lt dilute sulphuric .-icid. uimI, after iimner.-iiiL: 
(I, , p.iiLr tulie ill water (d‘ the oidiiiarv t'uuperatur<n opcui tlu' 
If the opi'ration has heeii eariaed out as it should 
p,, ill,, ,lilut<‘ acid will flow into the luhe until it i> two tliirds 
lull. will then -tup. 'The residual -ia^ i.- nitropui. Wiiat 
,\;,|eii( e 111 r(‘eard to t he conipo.-itioii nf aiiiiiioiiia is furnislii'd 
l,v thi’ experiment y 

Tlie arraiieennuit of tin* apparatus in the last stage,* of the 
,‘X|H i iiiu'iit is shown in I'hg. 

Ihii'.rAKA'i ION ANi' Kiau’i'.iii 1 1> of Nl'tflo Acii). 

Experiment IA2 — ArraiiLre an a ppa ' at u- a- -hown ill I'ig. 
aS. in tile n'tort put grams sodium uilrale (fliili salt- 



viG. r.,s. 


peter) and 20 grams eoin*entraled sulplnirie aeid. On g(*ut]y 
heating, nitric acid will distil ov<*r. and ho eondensed in the 
reet'ivei*. After tin* aeid is all <listilled otT, i-emov(* tin* eon- 
tents of the r(*t()rt. Iveervstalli/a* the suhslain*e from watei’, 
and compare it with tin* sodium sulphate ohtain(*d in the 
})repa, ration of hvdroehlori<* aeid. (See K\p(*rinn*nt 74.) In 
the latter stage of the o])(‘ratioii tin* vessi'ls Ix’eonn* tilled with 
a reddisli-brown gas. Tlie acid whicli is collected lias a some- 
what yellowisli color. 
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Experiment 133. — JNIix to^etlier 400 gi-;ims concojiti a|,.,| 
siilpliiiric acid and SOgniins ordinary concentrated niti’i(; acad. 
Pour tlie sulphuric acid into tin? nitric acid. Distil tli(‘ niix< 
ture from a r<‘tort arrangt'd as in the pia'ci'ding expenimait, 
taking cari^ to ke(']) the neck of the retort cool by placni » 
lilti‘r-pap»'r moistemed with cold water on it. Use the aeid 
thus obtained for the purpose of studying the properties ot 
pure nitric acid. 

Nitric A(ni) givks i-i* Oxygkx rradiry^ and is iienck a 
( iuui) Oxidizing Agent. 

Experiment 134.— lN)nr eonerntrated nitric acid into a 
wide test-tiihe, so that it is about oiK--l'ourth tillod. Heat 
the end of a .-tick of char«*oal of pioper size, and, huldimr the 
other end with a lort*<.*ps, inlrv luec the heated end into tlfl' 
acid. it wall (‘ontiinu* to burn with a bright light, even 
though it is placiai below the surfaci; of tha* liipnd. d'da 
action IS oxidation. The charcoal in this case linds tlio oxy- 



I-'ld. .M), 


grm in the acid and not in th<* air. Ureat ca.ro must hv 
tikon in f)erfoiTniT\g this (‘X jierinumt. TIk' charcoal shoulil 
not come in contact with tin* sid(‘s of the test -tu lx*. A larga 
iM'akcr-gdass should 1 m‘ placed lumcath tlie test-tube, so that 
in cas'C it breaks tlu* acid will be caught and pri'vc'idaal from 
doing harm, d’lu; arrang('ment of the apiiaratus is shown m 
Fig. 59. 



NITRATES. 
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n'iic gases given olT from the tula^ arc* ofTonsivo anti poison- 
ous. ILent’e this (‘xperimeiit as well as all others with nitric 
lO'id should be cari'ied on under a hood in which the draught 

-nod. 

Experiment 135.— lh)il ;i litth* strofig nitric acid in a test- 
pp,,. in the ujipiM- ])art of which sonic hoi'se-haii- has Itciai in- 
[i()diicctl ill till* foian (d* a stoppia*. The horse-hair will takt' 
lire ;iiid l)urn, and leave a white r«‘si<lue, Hold the te>t-tube 
willi a forceps over a ve.''Sel to catch the rontents should the 
Pllte lueak. 

ExpOliment 13Q. — In a^sinall lla.-k ])ni a few ])icces (»f 
- 111111110(1 till. Ihmr on this iu>t en<»ugh strong nitric, aeiil 
to oo\or tl. Weal, gently over a small llame. Si»on actum wiW 
tiike place, t'olored ga>es will he i-volved, tlu' tin will disap- 
pear, and In its tdaee will he found a whiti' -jtowder. 'I'liis 
^ eonsi>ts mostly of tin and oxygiai. (Set' l‘Aperiineul Id.) 

MicrALs lussoLxn in Nituic Ai'in, pokmino 'NnuAWEs. 

Experiment 137. — Dissolve a few pieces of eopp<'r-foil in 
ordinary eommereial nitric acid diluti'd with aluml half its 
volume of water. d'h(‘ operation should ht' earried on in a, 
good-sizi'd llask and under an (‘tlieient hood. W hen the eop- 
])er lias di.'-a jipc'arial, ]>our the blue solution into an eva])orat- 
ing-disli, and evapoi’ate down to erystallization. C'oinpare the 
snhstaiice thus ohtaineil w ith (‘ 0 |)|)er nitrate. Heat speoiiiuMis 
of vuvh. d’n'ai small spi'eiimms with suljihurie aeid. What 
evidence have you that tlu' two substances are identical? 

TSI'I'IIATHS AHH I)K(’OMI’OSKI) 15 V JIkat. 

Experiment 138. -ITcat some ])otassium nitrate in a test- 
dibc. Introduce a [lieee of wood with a spaik on it. Ih'at 
also l('a‘d nitrate, eojiper nitrate, and any other nitrates whiidi 
Tnay hi' available. What diilVrcm-c do yon oliscrvc hctwia'ii t lie 
dccom])osition of potassium nitrate and tliat of lead nitrate? 

Nitrates ark Sot.urlk in Water. 

Experiment 139. — d’ry the solubility in water of tlie iiD 
fcrates used in the last (*xj)ci iment. 
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Nitkic Acid ls kkditckd to Ammonia by ^^asscent 
Hydkooent. 

Experimont 140 — Tn a troat a few 

pieces of LD-aiiiilaled ziiu; with dilute sul[diuric acid. What 
is (‘volvcd Prove it. Now add di'op l)y droj) dilute nitric 
acid. Hdie Indrn'ycn (‘(‘ases to h(‘ ‘.pveii otf. Pour tlu* coii- 
teiits (d‘ t li(‘ tube into an eva [)oratinii-d ish aiul (‘vaporate ilu* 
li(|iiid. Put lh(‘ ia‘sidue inlo a tcst-tuht* and add caustic-soda 
snlulion, will'll tlie suu'll of auiiiu^ia, Moll lu' noticed, d'ry tlu' 
action of tlu' gas on ri'il !itnius-])ap<'r. Moisten the I'lid of a 
glass rod with a litth' hydrochloric acid, and hold it in the 
tubi'. White funu's art* si'cii. What are tliey ? Do tlie same 
with nitric acid. AVhat are the fumes in this case? 


XiTiiors A(TD. 

Experiment 141. — Melt ‘ib grams ]>otassium nitrate in a 
sliallow iron jilatu and gradually a«ld bO grams metallic lead 
cut in small pieces. Stir th(*m togcrlu'r as tlioroughly as 
])ossihle. Aftt'r the mass is cooletl tiowii. hrt'ak it u|) and 
trt'at with water in a tlask. 'The ])olassinin nitriit' will dis- 
solve, while the lead oxide and unused lead will not dissolvt*. 
I'hitci’. Add a litthi sulphuric acid to somt* oT tin* solution. 
A colort'd gas will be given olT. Set' whether a solution of 
pt)tas.huni nilratt* acts in the samt' way. d’reat with sulplip- 
rit* acid a little of the la'sidue left aftci* heating potassium 
nitrate altuie in a test-tubt; as in ivxjiej iment lb8. 


N’rnjocs Oxide. 

Experiment 142.- Tn a rt'tort heat 10 to 15 grams crystal- 
lized ammonium nitratt; unt il it has the appearance of boiling. 
Do nt)t heat higher tlian is nt'ct'ssary to secure a rt'gular evti- 
lutioM of gas. (’orinecta witle rublier tube directly with tlie 
nt'ck of the retort and coll(*r*t the evolved gas ov(‘r water, as 
in the case of oxvgen. It supports eomlmstion almost as well 
as pu?*e oxygen. Try experiments with wood, a candle, and a 
pie(!e of phosphorus. 



OXJJ)E.^ OF NlTItOam. 


Nitric Oxini:. 

Exporiment 143. — AiTiini^ti :iii jij)[Kinitus as shown in 
(U). Jn tho ilask put a low [)io(M*.s ol‘ (*uppor-foiI. 
with water. Now add .slowly, waiting ca.ch tiino 
for tlu! action to Ingin, onlinitrif corKa-ntrated 
nitric acid. When enough nitric acid has heon 
a(ld(‘(l gas will ht* evolved. It' the acid is added 
i-a})idly, it not nn t'laMpiently hap])ens tiiat the 
evolution ol' gas tak(‘s [>lace too j-a[»idly, so that 
the ii<piiil is torcial ont ot (he Ilask through 
tlnf fininel-tuh(*. d'his can lx; avoided ))v not 
l)(‘ing in a hurry. At first tlu' vessel heeonies 
lilled with a reddish-hiajwn gas, hut soon the 
gas (‘voI\(m 1 b('conies eolorh'ss. ColhM't over 
wati'r two or threa* vess<‘ls full. d'he ga,s col- 
'ecled is ])rineipally nitric oxidi', \(), though Fiu. to. 
it is frerpuMitly mixed with a considerable (piantiiy of nitrous 
oxide. 

Experiment 144. — 1 ni*n oms ol the vessids containing col- 
orless nitric oxide with the month upward, and uncover it. 
d'he colorcal gas is at oma^ semi, presmiting a, very striking 
apfieai'ama*. Do not inhale th(‘ gas. l\'rt‘orm the experi- 
iiuMits with niti'ic oxide whma' thma' is a good draught. 

Experiment *145. I'ass nitric oxidi* into a comanitrated 
solution of ferrous snlpliate. Afterwards heat the solution 
and collect tlu! gas. W'hat do you conclude that the gas is? 

Nitkockx Tkioxidk. 

Experiment 140. -An a Ilask lilb'd witli a safe! v-fuiine] and 
a delivery-tnb(‘ pour nitrii? acid of s])ecili(* gravitv l.ol) l.f.o 
upon (a)arsely granulated arsenious oxide, As„0,. Heat gamtly, 
and (avnduct tlie gases tlirough a tula? surrounded by a freez- 
nig mixture, as in Experiment 110. 

N ITI i( m K X J’ K IK ) X n ) E. 

Experiment 147. — Admit a little air to nitric oxide con- 
iained in a Ixdl-jar ovm- water, and let the ve.ssel stand. 
Almost imim'diately the color will disappear, showing that the 
nitrogen peroxide formed is deeoinposed^ Again admit air. 


Cover this 




79G EXPE1UMK\TS TO ACCOMPANY riL{PTKU XVIJ. 


and k't tlio vessel stand. The sarno changes will lx* noticed as 
in the tiist insUince, If oxygen is used instead of air the 
above changes can be re]x*ated ov(‘i* and over again. Devise 
an experiineTit for the t)ur[)ose of (h*t,ernuning whetlier the 
nitric oxide is gradually ustnl up or not. 


EXPERIMENTS TO AC COMPANY CHAPTER XVII. 

PllOSPllOKU.S. 

Experiment 148. — ['This, [is well as tlie otlier expc'rinienls 
with }dios})h<)rns, should l)e performed onlyl)yan c'X pci ieiieed 
])ei-soii. I Ai rangi' an aj>pai-atns as shown in Pig. (il. The 
neck of th(' retort is sonii'what drawn cnit iind bent downward 
and titled air tight by means of a cork to tlu' wide glass liibi' 
JJ. Some small pieces of ordinarv phosphorus ar»‘ now eari - 

fully slipped into tlu' retort -as niiieli 

Jis is obtimied by eilttilig up two st ieks 
thr<‘(* to four imdies long, d'lu* ap- 
paratus is tin'll adjusted as shown in 
the iigure, so that the end of tin' 
tulx' />' dips below the surfai'e of the 
water in the Ix'aker (\ d'lie whole is 
then allowed tof-tund for simu' lieu i s. 
^riie oxygen isalisorbeH from tin* air 
contained in t In' vi'ssel, ami tlu'wati'r 
risi's in />'. Without iineovei’iiig t he 
(.‘lid of //, replace tin- water in (’ by 
some that, has a tempeisit uk' of about 
.bO'k Now’ heat tin' letort giailnally. 
when tin' phosphorus will dist il < ver 
and condensi' in din tin* molten condition. iW Inwc'riiig tin' 
Inra t irrad ini 11 V at tin' end of t in' oper;ition il can tiindly be 
stoppl'd without danger of bia'akmg. 

Experiment 149. Dissolve a lit t h* or<] inai'y jiliosphoriis in 
r'arbon disulphide. Pour sonn* <d' t.his solution U[)on a. strip 
of tilter-jiaper, and let this hang in tin* :iir or w'a.vi* it g''‘idl^ 
in the air. After tin* eaidiori disul[)hide has evapioiated the 
pliosphorus wall tak(* lin*. 

Experiment 1.50. - liring togetln*]' in a ])or(*(djiii' ci ueibh 
or ev:iporating-d ish a little phospliorns and lodimx It will bo 
seen tliat sinpile contaiT is sullieient to cjiusc the two sub- 
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stances to act npon oacli otlnn'. T)ln'ct combination takes 
2 ^Iace, ajid tlio action is accompanied l)y light and iieat. 

PllOSPllOllUS ABSTIiACTS OxVCiKX KKOM OTHPII 8 l' I’.STANCKS. 

Experiment 161. — Add a littl(^ of ^solution of phosphorus 
in cai’])on disnlpliide to a solution of copper sulphate. What 
change taki's plac(^? 

Experiment 152. — Put a few [.i(‘e(‘s of ordinary ])hosphorus 
in a- glass tii!)e and seal it. Heat ginduallv to MOOk Ojxm 
the tube and examiiui ilu^ [)roduct. See whether it takes lire 
as readily as ordinaiT [)hos[)horus <loes ; whetlen- it dissolves 
ill carlioii (1 isiil phi<l(‘ ; wlu't her it melts easily when put in 
water heated to between 45 and 50 5 

. . Ihio.seiiiN n. 

Experiment 153. — Arrange an apparatus as sliown in Fig. 
02. ill tile sniaii ilask IJ put about 5 gr.ams caustic potash liis^ 



solved in 10-15 ee. water, and when the solution is cold add a 
lew small jiiecesof pliosphofiis tlie size of a pea. Pass hydrogen 
for some time through the ajipaiatus fi'om the giuierating- 
llask A until all the air is displaced ; (hen diseoniKxd. at />, 
h'aving the rubber (ube, elosixl by the pineh-eoek, on the 
tube whieli enters the flask, (ontly lu'at the eontentsof the 
retort, when gradually a gas will he evolved, and will ('sea|H* 
tlii’ongh th(‘ water in (t. As eaidi bubble eonu's in eontaid 
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■\vitli tlu* ail* it takes fire, and tlie jirodiK'ts of eoinhust loii n: 
range tlieinsi'lvi's in rings, wliieh beeonu' larger as tlu^y rise. 
’r]u‘y are extremely l)(‘aiitirnl, ])artieularly if the air ot* the 
rnom is (|uiet. Uoth the {ihosphorus and tlie hydrogen eom- 
hiiu! with oxygmi in the act ot Imrniiig. (/olh'id some of tlu' 
gas in a tula^ over watei*, and then place th(‘ tube month up- 
ward. What ditt(‘i*(me(‘ is tlu*ri‘ betw(‘(‘n tiu' burning of the 
gas undm* thesis cireumstanees, ami that notieed when thi^ 
rings are formed ? ('olleet another tube* full of th(‘ gas, and 
let this stand for some time, ddieii open the vessel by taking 
it out of the water, lias any change taken place in the ga.-r 


Aksi.mc. 


Exporimont 154. — Heat a small piece of arsenic on charcoal 
in the llame of the blow-])ipe. * 


A US I N n. 

Experiment 155. — Arrange an apparatus as shown in Fig. 
G3. Put some pure granulated zinc in the ilask and pour 



diluti; sulphuric acid on it. ddio calciuin-chlorido tube servos 
to dry the gas. AVhen the air is all out of the vessel and the 
hydrogen is lighted, add slowly a little of a solution of ars<‘nic 
t rioxide, As.^0^ , in dilute hydrochloric acid, d’he a])[)earauc(‘ 
pf the flame will soon change. It will beiaime paler, with a 
slightly bluish tint, and give oil white fumes. (Sec next ex- 
periment.) 



yfARSirS TEST FOR AltSEmC-ANTDfONr, ETC. :!i9 


Mahsii 8 1'kst roll A us kmc. 

Experiment 160. — Into tin* llairio of the ])iiriiiii_ir hydrof^cii 
and pr()(luc(‘(l in tlu' la>t expia’inicfit introduce a piece 

of [(oreelain, as the l)ottoni of a small porcelain dish ora erii- 
oihlc. Mild notice the appearane<‘ ot the ip(ds. Heat hv means 
of ;i Ihiiiseti hurmu' the tulxi tlironi;h whitdi tlu' i^as is passin^% 
wiiicli should ho of liard ;^dass. Just beyond the lieatcMl 
t here will he deposite<l a thin layu'r of metallic* ai'sciiie, 
v'omiiioiilv c‘alle(l a nnrmr of (irs(‘u.i<\ 'This d(“[)osit is due to 
the dii't'ct decom fiosition cd' the ai'sinc inln arsenic and h\dro- 
giMi hy heal. ^^Hompare ammonia, (diosphinvu and arsine with 
vch'i'euee to t\\eiv stahi\i\v.| 

.\N l IMON Y. 

„ Experiment 15T.- -Heat a smalt piece* of antimony on diuv- 
(Mial iu the \)\oNv-pipc‘ IVann*. ’\'rv the action of dilute* and of 
eoneentrated hydrochloric acid, of dilute and of com‘i*niratcd 
nitrie* acid, and of a mixture of the two acids on a. smidl pieces 
of antimony. 

Sri BIN K. 

Experiment 158. — Stilune is made' by Mu‘ same method as 
tlial, used in making* arsine. Make* some, iisin^ a solution of 
tartai* enu'tic*.* Jntroduci* a ])i(‘ce of porcc'lain in the tlanu', 
and afterwai'ds luxit the tulx* throui!:li whieli the ifas is jiassine;. 
(Jonipare the antimony sjiots with the ar.^enie spots. Color? 
Volatility? Conduet towards a. .solution of sodium liypoeJilo- 
rito or liyfioln'ornite ? 

IhSMl TH. 

Experiment 159. — Heat a piece of bismuth on cliareoal in 
tile blow-pi I )e tlame. See how it comlin'ts itself towards hv- 
di-ochlorio a(‘id; towards nitric acid. If a .solution is obtained 
in eitlier case, add Avatei’ to it. Ivxplain what taki's plai'c. 

IbiosniroiiKs Tkk ii i.ouidk. 

The expi'riments with the ehloridi's of phosphorus must be 
carried on under a liood or out-of-doors. 

Experiment 100. — Arranjre an apfiaratus as sliown in Fij;. 
01. 'riie tube A is ariMiui^ed so that it can be raised oi* low- 
enal in the retort. Put hO to 100 i^rains ordinary phosphorus 
in th(' retort, takini!^ pn'(*autions to ]u-eveut it from taking tiro 
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iluring the operation. This is best aceoiiiplislied by fitting 



corks in both openings of tlio retort; placing the retort in a 
vess(‘l of cold water; removing the cork fi-om //, tlirowing in 
a piece of ))hos[)]i()rns, and quickly ]nitting tlu’ coi’k in. Tho^ 
|)ieees must not he put in in too rapid succession. After all 
the ))lios]^liorus is in tlie retort, adjiist tli(‘ !ip})aratus as re|)re- 
smited, placing tlu‘ re(‘(‘iv(M- I> in a dish of cold wat(*r. Now 
(.‘oniu'ct by imams of tln^ rublxa* tub(‘ // with an a])|)aratu3 
furnishing cidorinc, dri(Ml by imams of (‘onceiit ratial sulpliuric 
acid and calcium cldoihiha As soon as tin' cldorine coimas in 
contact witli the phosphorus a<dion Ix^gins, and the ])roduet, 
which IS phosphorus tricddoi-id**, distils ov(‘r into th(‘ rcMahver. 
If the a(*tion is taking place too rapidUg tlu* insidi' of the la^- 
tort will becom(‘ covcimmI with a coating of rial phosphoims. 
In tliis (aisti laiise the tub(‘ ,1 a. litth* a, ml the nal coating will 
gradually disappear. If tin' tube is raised too high, not enough 
heat is gerieratcal, and the trichloihh^ in th(“ retoi’t is convca tial 
into the jientachloride, which is deposite<l as a whiti' coating, 
llv raising and lowmang tin' tub(‘ ac- 
cording to tin* imlaadhms, tlio retort 
can b(‘ ke|>t clear, and all the phos- 
phorus eonvertaal into the tiachloiahh'. 
'I’his manipulation of the tulx' is much 
J’aeilitat(Ml by fitting into the eoi‘k a 
somewhat larger tulx*, thi'ongh which 
the smaller om‘can pass easily; h'tting 
this project about an inch and an half- 
above the cork and ])assing over it a 
65. picc(‘ of laibber tubing of sucii si/e 

that while the smaller tube mov(‘s through it naidily, the tw(‘ 
form a gas-tight joint. This is shown in Fig. 65. After the 
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operation is finished, ]>our the liquid from the receiver into a 
clean dry tiask, and distil on a water-bath. Try the action of 
a little of the compound on water. 

• 

I’ll os p I r o 11 u s 1 ’ 1-: n t a c ii lo ride. 

Exporimont 101 — Put the trichloride of phosphorus ob- 
tained in the last experiment in a wide-mouthed 
bottle surrounded by cold wat(‘r. Thromrh a 
wide glass tube pass dry chloriiui u|)oii the 
surface of the liquid, and as tin? action ad- 
vanei's, and a solid begins to make its appcar- 
anc(‘, stir the contents of the bottle. Con- 
timui the passages of tin; chloinne until the 
product is a perfectly dry solid. The arrange- 
ment of the bottle containing the trichloride, 

.and that of the (h'livery-tulns is shown in Fig. 

0(). The; bottle is put in a larger vessel con- 
taining cold watei‘, which is renewed from 
time to tiim; during tin; jirocess. Fro 

Ti’y the action of a. little jihosphorus pentacdiloride on 
water. In a large dry flask heat a little of the pentachloride. 

EXPERIMENTS TO ACCOMPANY CHAPTER XVIII. 

I’liospiioiuc Acid. 

Experiment 162. — lu a flask connected with an inverted 
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lioc(‘ss;irv, add iiioro arid aftrr a time. Boil g('iiily until the 
})lios|)li()rns disap|H‘ai-s. Evaporatr the solution to eomplote 
dryiK'ss, sij as to nd of all the nitric acid. Dissolve a lit- 
tli'^ot tli(‘ product m water, and add a few drops of the solu- 
tion to a dilute solution of silviu' nitrate. W hat etf('et is pro- 
duced/ Heat some ol tlu* ])roduet et-utlv in a ])orc(dain 
crucible, and frmn time to tinu' take out a 1 ittle, dissolvi; it in 
watei-, and try its action on silver nitrate. 

Experiment 163. — ddy the action of ordinary sodium ]dios-* 
phate on silver nitrate. Ih'at a little of th(‘ salt in a [loreelain 
crumble to redness. After eoolinu-, try the action of tlie salt 
left in the crucible on silver nitrat(‘. 

Aksunk’ Acid. 

Experiment 164. — Pass cblorim' into water containing ar- 
senic trioxido in suspension, until tli(‘ oxide is dissolved. 
Evaporat(' to crvstalli/ation. Into a, dilute solution of the* 
product thus obtained, to winch some bvdrochloric acid is 
added, pass hydrogen sulphide. Kxjilain the changes, 

BuDrcrioN ok Aksuxu' 'ruioxiDi:. 

Experiment 165. — In tin* bottom of a dry tulie of liard glass, 
of the form repr(‘sent(‘d in t'ig. tiS put a minute jiii'ci' of ar- 
p* senic triox id(‘, and just abov(‘ it a small bit of cliarcoal. 

I ii Heat gently. Hxplain the change. 

I SrLKMIDKS OK AksKNIC. 

Experiment 166.-^ Bass hydrogen sul pliid(‘ into a di- 
!; : Inti* solution of ai*s('nic trioxide in *hyd roehloric ai.'id. — • 
Filter otf the precipitate, and try the action of aminonn 
r jl um sulphide on some of it. 

jj 8ri>i*im)KS OK Aniimony. 

u Experiment 167. — Bass hydrogen sulphidiAnto^i so- 
' ■ lution of antimonr* acid madi* by tri'ating antimony 
with aijiu! rcfjin and diluting with w'ater. Bass hydrogen sul- 
jdndi* into a solution of antimonv trichloride made by dis- 
solving stibnite or aniimony trisulpbidi^ in hyd roidiloric acid. 
'Bry the action of ammonium sulphide on the precd[)itates 
after filtering. 

Ox YOU LORI DKS OK AnTI.MONY. 

Experiment 168. — Treat a solution of antimony triclilorido 
witli water. 
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I^ASK] NiTKATKS ok lilSMUTII. 

Experiment 169. — Dissolve a little bismuth in nitric acid 
and evapoi’ate. Add vvatia*. 

Huron. 

Experiment 170. — Make a hot solution of 30 grams crystal- 
lized l)Oj’ax in 130 cc. watei-. .\dd .v/c/r/// 1 0 grams conceii- 
trati'd sulj)lim’i(! acid. On cooling, the boric acid will crystal- 
lize out. What ('vidence laivc you that tin; substance which 
crystallizi's out of tlu^ solution is not borax? Try the solu- 
bility in alcohol of sjM'ciniens of (‘ach. Is th(";eany ditfcreiicc? 
d’rcat a tew crystals of borax: with about 10 cc. alcohol ; pour 
olf the alcohol and set lir<‘ to it. d'reat a few crystals of the 
boric acid in the same way. What dilTei’em’c do you observe? 
Distil an aqueous solution of borii; acid, and tletej’inine 
whether any of tlui acid pass<-s ov«‘r wilh the water va])(n-. 

HXlMMilMKN TS 'VO ACCOMIMNV CHAPrEU XIX. 

Da kuon. — Hon imu.ack Fii/i'KKs. 

Exporimont 171. Maki* a lihvr of bone-bku'k by fitt ing a 
papi'r filter into a funnel 13 to !.'> mm. (a to <i inchi*s) in di- 
anu't(‘r at its mouth. Half till this with bone-black. Hour a 
<liliite solution of indigo tliroiigli the filter. If the conditions 
ari^ i-ight ihe solution will pass through colorh'ss. Do the 
same thing witli adiliite solution of litmus. If the color is 
not complet(‘ly i-emovcd by om* filtration, laxat and filt('r 
again, d'be color can also be removed from .s»)lutions bv put- 
ting some boiu'-black info them ami boiling for a time. dh’V’’ 
this with lialf a litei' (*ach of tin' litmus and indigo solutions 
used in the fii'st part of tlu* (‘Xpiuament. Hse about 4 to .■> 
grams bone-black in each c:is(‘. Shake the solution frequently 
whih‘ heating. 

DHARI'OAI. AI'.SORUS HasivS. 

Exporimont 172. — Dolh'ct ov(‘r meicury in glass tubes some 
ammonia gas, and .<ome <‘arbon dioxide. Introduce into ('acli 
a [)i<Ma! of charcoal, which has been lu'ated in a. Hunsen- 
burmu* llame in order to drivi* out gas(\s which may be con- 
tained in the pores. 

CAunox roMiuNKs wrrn Owokn to DAituox Dioxidk. 

Experiment 173.- ^ Hut a small picc(‘ of charcoal ina |)i('ceoi 
hard -glass tube. Heat the tube, and pass oxygem througli it. 
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Pass tlio gas(‘s into <4ear lime-water. Arrange the apparatus 
as show'll in Fig. (>9. 



Via r.9, 

A is a lai*g(' l)ottl(' (‘()ntaining owgeii ; f> is a ovlindcr coil'’ 
taining siil plmric acid: (■ is a U-tulM‘ containing calciuni 
eliloridi' ; 1) is tin' liard-glass tnlx^ (‘ontaining tin* cliiii’coal ; 
K is th(' cylinder with clear lime-water. hlx|)lain :ill tlia.t 
takes pl;ic(‘. 

('AimoN Kiinrrns sown 0x!i>KS wiikn' iieatkd wri'u ttikm. 

Experiment 174 — Mix* togctlier t wo or lhi’<M' grams ])ow- 
dered copper oxide^ (’uO, and ah(cit oiu' tenth its widgiit of 
powd(“red char(‘oal; Inait in a, hai'd- 
glass tnh(‘, as slu)wn in h’lg. In, or, 
still iM'ller, ns(‘ an ai‘seiiie-t ii he. 

l*ass tla' gas wlii(di is givem ofT 
into lime-water contained in a t<'si- 
tnhe. Ts it eurhoTi dioxide? What 
evideneo have yon that (►xygeii has 
h(M‘n ('xlra(d.<'d fi-om tlu' copper 
oxide? (’om|)are tla‘ snl)stanc(' hd’t 
in the tnhe witli imdnllie eopp(‘i*. 
4’reat. l)olli w'ith nitiac arid, Avitli 
salplmric. arid. 

Experiment 175. — Pe|)eat Kxperiimmt Iho with somewdait 
larg(M* qmpitities of sul)staiiees, and (examine tlie gas 

given oft*. 

IlYimocA imoN's. 

Experiment 176. — Make marsh-gas by heating in a retort a 




CAUBON DIOXIDE. 


SO") 

riiixtiin* of 20 c^riiiiis sodium .‘locOitc, 20 grains potassium liy- 
(lroxid(‘^ ami 2)0 grams slaked lime, (ajlleet some* of the gas 
over watei'. Is il a eomhiistihle gas? 

Exporimeiit 177.- -M;ike etliyleiie as follows : In a Ilask of 
2 to d liters ea[)a:'ity put a mixUii'i^ of 25 grams aleoliol and 
150 grams ordinary eomamtraO'd sul[)linrie aeid. JI(‘at to 
KiO ‘ to rrO'h and add grail ually through a fniinel tube about 
500 ee. ot a mixtui’e of 1 pai't ot alcohol and 2 [lai ts of eoii- 
eeiitrated sulphurio aeid. Pass the gas tliroiigb IhnaMvash- 
bottles containing, in order, (‘oneeiitrated sulpliurie aeid, 
caustic so(hi, and eonemitratial sulphiirienieid. Collect some 
of the gas over water. Is it comliustiblc? 

EXPKKlirKNTS TO ACCOMPAXV (TiAI’TEK XX. 

CaKKON" 1)10X11)10 is KOliMlOl) WIIIONT A ('AKUONTATE IS 
TKEATIOI) Wi l l! A \ Acil). 

Exporimeiit 178. -In tcsi-tniu-s aild sui'cessivelv dilute liy- 
droelilorie, suli)hurie, nilrie, a ml aeet ie aeids lo a little sodium 
carbonate. In eacdi ease |)ass I be gas givi-n oif through lime- 
water, and inseid a liiirning si lek in (he iipjier ]»art of each 
tune.— Perform the same expinamenls with small pieei's of 
marble. 

PKionAUA rio\ A\n PiioiMoiriiios ok Cakuox Dioxide. 

Exporimeiit 170.-- Arrange an aj)|)aralus as shown in Fig. 
71. In the Hask ])ut soim' pii'ces of marble or limestone, 
and pour ordinarv hvdroehlorie acid 
on it. ddi(' gas shmild )>e col lee ted liy 
(1 isplacianin t of air, the vcssih being 
])]aeed with thi' month upward, ('ol- 
leet si'Veral evlimh'rs or bottles full of 
the gas. Into one introduet' siieecs- 
sivcly a lighted eandle, a imrning stick, 
a hit of burning |ihos|»hoiais. Into 
Jinother, if eonviMiicnt, put a livi* mouse. 

With anothi'i- pi-oet'ed as if pouring 
water fiom it. Pour tin* invisibh* gas 
Upon the (lame of a burning eamlle. 

Poui- SOUK' of th(‘ gas from one vessel 
to another, and show that, it has hemi 
translerred. Pilane** a. benkm- on a 
good-si/.('d [)air of scab's, and poui‘ car- 
bon dioxide into it. If tin' ))alan('(' is ai all sensitivax the pan 
on which the beaker is placed will sink. 
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CaiMION^ DioXIDK is (JIVKN OI’K from TII!’ Ll’XdS. 

Experiment 130. I'Vnfe tlie IVoin the lungs through 
some liiue-\vat(‘r by iiu'aus of an 
apparatus arranged as shown in 

Fig. FF 

1^'OUMATIOX OF ( 'AKUOXATKS. 
Experiment 181. — Pass car- 
bon dioxide into a solution of po- 
tassium hydroxide to satui-atioii. 
])(‘tci-min(> whether a carbonate is 
in solution or md. 

Experiment 182. — Pass car- 

bon dioxide inlobO to 100 cc. ch'ar 
lime-water. h’iltm- olV llu‘ white 
insoluble substance, dh-y tluf ad ion of a. litt h' acid on it. • 
\\ hat evidtmci' hav(‘ you that it is a (‘arbonatt* ? 

Experiment 183. — Pass carlxm d i(»xi<l(* lirst I lirough a little 
wat(*r to wash it, and then into '>0 to 100 cc. clear linie-wat(‘r. 
Continue to pass tin* gas fnr some time* after tin* [H’ccipitate 
IS toriiK'd. ddn* pr(‘ci[>itat(* dissolv(‘S. Heat tin* solution. 
Wind ha])pcns? Ivxplain thesi* reactions. 

Piii:i*A itA riox AM) Pin)m:in'i i-:s of Faruon Monoxidii. 

Experiment 184 — Ihit lOgrams crystallized oxalicacid and 
50 to tiO gi’anis ('onc(*ntratcd sul[)hnri(* acid in an ap|)i’opiaat(i 
flask. ( 'onn(*ct with two W'oltT’s flasks <*ontaininga solution of 
caustic soda, so that the gas evolved will bubble through the 
solution, ileat gently, ( 'ollect soun* of ( lu* ijas over water. 
Met (in* to some, and notice tin; charac.fiu’istic blue llann*. If 
convenierd- put a live mouse in a v(*ss(‘I containing a mixtui-e 
of about ('fjual [tarts of carbon monoxide and air. It will die 
unless taken out. 

CaRROX MoXOXIDF is a cool) pFDl’CINC Aofant. 

Experiment 185. - Pass carbon monoxiiha ov(*r sonn* boated 
copper oxid(* contaim*d in a bard-glass tube. Is tin* oxide i-e- 
diiccd? How do you know^ Is carbon dioxide formed? 

W liat evid(*nce have yon ? Was tln^ carbon monoxide used 
fi'ce of c;n-l)on dioxide? If not, what (‘vidi'iiec^ have* you tliat 
carl)on dioxide is formi'd in this (*xp(‘rim(‘nt ? 

Experiment 186. — I5iss carbon dioxide over lieated e]ian?oal 
in a liard-glass tube. What is formed ? 
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Experiment 187— lUnit some' hituminous coal in a retort 
and collect over water th(‘ j^asr's ;^iveii (»1Y. Are tlu'^;e ^ases^ 
con\buslil)leV 

0\y(;kn ourns in an A'i'mosimi him-, of a ('omiujstiri.k (Ias, 

Experiment 188.- -Rrt'ak oil tlie neck of a good-si/.ed re- 
tort ; lit a |)(‘rt()i'at(Ml cork to the small end ; pass a [)i(‘cc ot 
jj^lass tul)(‘ tln’()iii;h the cork, and connect hy nuvans of riil)t)er 
*ios(‘ with an outhit for eoal-^as. Fix the apfiaratus in positioip 



Its sliown in Fiir. 73. 7'urn fli(\<:as on, and when tlio air is 
di’iven out of tin' retort-neck, litrht the ifas. ddie m'l'k is now 
iill(“d w’illi illundnatinc o-a.s, .and tlx* iras is Inirnini^at the tnonth 
of th(i V('sse]. If now a ])latinuni j(*t from whieli oxyii'en is 
issuing is jiassed np into tin* <xas tin* oxy<i;t‘n will take tire, and a 
ilame will appc'iii’ wliere tin* oxyoam csca]ies from the j('t. 
7die oxygen burns in the atimxsphere of eoal-gas. 

KlNDLTNd TKMRRRA'rORn OF (rASFS. 

Experiment 189. — Liglit a lhins(m burner. Rring down 
upon the Ilame a pi(‘ee of b?*.ass or iron wire-gaiize. Tlu'ro is 
no ilame above the gauze. That the gas passes tli rough un- 
burned can bo shown by applyinga light just above tin* outlet 
of the burner and above thegauzi*. The gas will take fii'e and 
burn. By .sim]dy jiassing through tin* thin wire-gauz(‘, then, the 
gas is (iooled down bi'low its burning b'lnperature, and do('s not 
burn uidess it is heated up again. Turn on a. Bunsen bummer. 
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Do Tiot liglit tli(‘ TFold ;i pioce of wiro-gauzo ahont ono 

aud a half to two iiudios above the outlet. Apply a liglitcMl 
iiiateli above the gaiiz(\, wIumi the gas will burn 
above the gauze, but not b(‘low it. Here again 
the luNit ueet'ssai’V to raise the t(‘inperatur(i of the 
gas to tlu^ buruiiig temperature eauuot be eoui- 
niunicated through tlu'gauzc'. Jf in eitla'r of tin* 
ab()ve-deseril)e(] ex p(‘riuien Is the gauze is luhd in 
position lor a tim<‘, it will ])i-ol)ably beeoiiK; so 
highly h(‘at(Ml that the gas on tlu‘ side* wluu’c^ tlu'i'e 
is no llaim^ will l)e raised to tin* burning tein[)era- 
tur(‘. ddie instant that ])oint is reached the 
llame becomes continuous. 




Tmk lii.ow-eirK and its Usks. 


d'he bl(,)w-])ip(' us(‘d in cliemical laboratories is' 
constiaicted as shown in t'lg. ? 4. 

When us('d with tin^ Ihinscn hurm'r it is best to slip into 
lh(‘ l.mi-iu'f a brass tube ending aliove 
in a na rrow si i t-1 1 ke op(' n 1 ng, as shown ii? 
Fig. 7.3. ^.rh<‘ tub(‘ rel'(‘ri-ed to, mai ked 




Kia. 70. 

c in the flgiin', reaches to tin* bottom of 
th(‘ biirmn*, and thus cuts oil' tin* snpiily 
of air which usually (mters th(‘ hoh's at 
th(‘ base, ddie gas is now lighted, and 
(mairrent so ]-egula,te«l that th('re is a small llanu* about 1 .■> 
to 'I inclu's long, 4’h(‘ ti|) of tlu‘ lilow-pipe is placeil on the 
slit of th(‘ burne!' in the liana*, n.s shown in hhg. 71;. Hv blow- 
ing ri'gidarly and not viol(‘ntlv through the pipc^ tin* tiame is 
forc(‘d down in the saim* dir(‘etiou as tlu^ end-|)i(>ce of the 
bloW'[)ipe, and the slant of the burmu'-slit. lJu(l(‘r jnojict 
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live fi:iriio s('j);irat(‘s sharply into a central hlne part 
and an outer part of anotlier color. The dii-ectioii and lines of 
division of the ilaiiio are indicated in Fi^. ?(). The outer 
part of the llami? marked o is the oxidizitHj Jlamr ; the pai’t 
Jiiarktal /■ is t h(i i i d m'l ii'i fid mr. 

Experiment 190. Select a piece of charcoal about 4 
inch(‘s lone' by 1 inch \vid(‘ and 1 inch thick, with one surface 
[)lan('.'‘' N('ar tin; end of the jilaiu' sui-faci- make a cavity by 
[)n‘s>inL!, (!n; e<li;(; of a small thin < 0111 aeain>t it, and turnini; 
it eoni[)l(‘lely round a, few liim's. Mix lomaher e<pial small 
^piantities of drv sodium earhonale and lead ovide. Put a 
lillh* of the mixture in lln* <‘avity in the ehareoal, and heat it 
111 the red neina llaim* produced hy tlu' l)lo\v-[>i [»e. In a slant 
lime elohiiles of metallic leml will be seen in tin' moltmi mass. 
Afi(‘r coolini;', serapi* t in* solid died suhstauc(‘ out of the cavity 
in the (diareoal. Pul it in a small mortar, ti-eat it with a little 
wal(‘i‘, and, after breaking' it, up and allou ini; as mmdi as ])os- 
sihle to dissolve, pick out th(‘ metallic lii'ads. Is it malleable 
orbritdi'? Is metallic lead niall(‘abh‘ or liritlle? is it dis- 
solveil by hydroidilorie acid ? fs hxad soluble in h vd roehloric^ 
acid? Is it soltibh* in nitri(; acid ? is lead solul)le in nit rie, 
acid? d'he action of tln^ acids ein b(‘ tided bv ])Ul t iny t In^ 
bead on a small dry wateh-i;lass and addim;’ a f<‘W drojis of tln^ 
anid. i)oes the snhstanee aid:, like lead? Wdiat. has bi'come 
of the oxyyen with whiidi the lead was eomliim'd in tin' oxide'? 
Is there any special advantaya^ in haviny; a support of (‘hareoal 
for t his experimi'iit.? 

Experiment 191. Heat a small pii'ce* of im't lire h'ad on 
charcoal in t he oxidi/any blow-pipe ill me. Notice' the' forma- 
tion of t he' oxide', which forms a coat iny; oi’ lilin e)n the' char- 
coal in the' ne'inhboidiood eif the* me't.al. Is the'ia' anv analouv 
he'twee'ii this proee'ss ami the* ImmiiiLtof hydreim'ii? In wliat 
eloes t he a na loyy consist ? W hat. el ilVe'i e'nces are thi're he'twe'mi 
the two processe's? 

Experiment 192. — Ih'pe'ai, tin* e'xperinn'ids with arsenic’, 
antimony, and bismut h. N’oliee the* e'olors of the' lilms formeel 
on the' ('hareoal. 

Experiment 193. — Me'ltinto a. bit. of orjass tiibinc' a jde'e'e'of 
platinum wire^ to 10 mm. (d to 4 iiieln's !oo<r) he-nd the; 
c'mi so as to form a small loop, as shown in Fiy;, 77 . lle'at tin; 

* Pic'cesof ehareoal pre’ieared for blow pipe; work can he^; hoti^ylU from 
elealers in eliemienl apparatus, at small cost. 
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loop ill tho Ihimo ot* a Bimsc'ii liiiriior, and thou dip it miv 
ssonie sodiiini-ammoiiiiiiii piiospliato (iiiicrocosiiiio s^alt). iloat 
ill the oxidizing llaine ot* the hlow-pipi^ until a elear glass hend 
is formed in the loop. What elianges have taken placai? and 
what is tlie eh'ar glass? Bring a minuter partich' of a man- 

L ^ M . " ’“"3 D 


Flo. 77. 

ganese eomponnd in eontaet witli th<^ Ix^ad, and ht'iit again. 
W hat ehangi' tak(^s plaee? 'Brv (h<‘ same e.xpc'riimmt, using 
siii: eessivel y a cobalt eonipenml, a eoppL-r eoin[)onn(l, ami an 
iron eoinpoiind. .Now, instead ot* using inieroeosniii; salt, use 
hoi'ax. dixplain the (diangi'S in all the above-deseribi'd expiai- 
nunts. 


Cy A N'OO fn. 

Experiment 194. — ^lak(‘ potassium (‘vaniib' by heating po- 
tassium 1‘erroeyanide in an iron eiaieibh*. 

Experiment 195. — .Maka* eyanogen bv heating ni(‘r<'urie cy- 
anide. ( ' ijtt uiHji'H is ptH.sdmms, I>nin some (d’ t he gas. 

Experiment 196. —Makt^ potassium cyanato from sonuf of 
the cyani<l(‘ obtained in Ex|)erime!it Ihl. ddiis is done by 
melting it in an iiain crucibh*, and, while th(‘ mass is liipiid, 
adding al.)out four tinu'S its wiught of red lead, stii'ring diii’ing 
the operation. Aftm* this the e.rucible should again lx- 
put ill the furnace for a little wliihy the metallii* lead allowixl 
to settle, and th<‘ cont»*nts poured out on a smooth stone. 
Ibx'ak this u]), and (‘xti-aet tlu^ cyanat<^ with alcohol. 

EXPERIMEXTS TO AOCO.MPANY OlIAPTEK XXII. 

Si ni( ox. 

Experiment 197. — Prepare sodium fluosilicate as dinadixl 
in tlie next (‘xperiment. Mix ‘1 parts of tin* dry sidt with 1 
part of sodium cut in ])i(‘(!(‘s. ddirow this rnixturi^ all at once 
into a, 1 lessian crucibh; heated to bright-red heat in a, fnrna.ci\ 
Add immediately 9 parts granulated zinc, and a. layer of sodium 
chloridi; [)r(*viously heated to drive off wa.t(*r. Tin; crucihle is 
then covered, and tin; firi; allowed to burn down. After cool- 
ing, the rcLOilns of zinc containing the silicon is s(;])arad(‘d from 
the slag, washed with water, !ind treated with hydrocliloric 
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TIU' zinc disSolv.'S :lllll IwiVCS til.. Sl|i,.„||. 
w.-idicl with watci- iiM.I then with nitri,. uci.l' tnd 

wash.Ml with wat.w, wli.'i. .a-yslal.s of silicon, sonictinu’-s of 
cirat hi'anty. an' ohtain.-.l. 'I'ry ih,. ,, 

ol the silii'oi. in the air. ’I'ry the a.-tion .d’ acids'" and ol 
iilkali(‘s iip(jii it. 


tSlIJroN^ 'rF/rK.AFLrOKIDE AND Fm'OSI LK'lc Acil). 
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moiily iis(mI for transportini^: acid,^. dliis is about two-thirds 
lillt'd witli alb'riiatin^ layors of sand and powd(‘rcd llnor-spar, 
moistoned witli ronccntrat(‘d sid[)linric acid. The bottle is 
[nit in tin? d(‘(‘p sand-liatli />, and eonin'ctc'd liy means of a 
wide ^rjjtss tnlie with tin* fnnne] (\ which dips just below the 
siirface of tin* wati'r in the iar<^e evaporatiiii^^-d ish /). 1die 
sand-bath is now i^ently heated, wlien silicon tetralliioride 
pa.ss(‘s ever. (Nirninn: in contact with water, it is decomposi'd, 
sdicicaoid bein^ deposited and iluosilieie aeid passim^ into 
solution. In order to prevent clomrin^r, tlie o-ejatinons'"silicic 
a(‘id is from time to time removi'd from the month of the 
funnel by means of a bent-<,dass rod. After tlu> action is com- 
plete, filter the solution. Take out one quarter, and to the 
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r('st slowly add a solution of sodium carhouato until tlu' w lioln 
just b(.‘ij;ius to show an alkalim* ri'actiou; now add tlu' other 
quarter of tin' acid, and liltei-. Kxjilain all the rcxud.ions. 
Jleat a, little of tlu' driial salt in a (*o\crt‘d platinum ei iieihle. 
What (diaii_i;(‘ takes ])laee? What (‘videnei* have you that tim 
ehange has taktai plaei'? To a litth' of tlu‘ salt in wati'r add 
a solution of potassium livdi’oxidc*. Whatidianci' takes plaiM* 
Di-v the silieie acid formed in the lirsl part of the experiiiumt 
hy (U'eompositiou of the silicon tetralluoride. 

SiiacK’ A('ii). 

Exporimont 199. — Ih)il sonu* of the silieie acdd obtained in 
tlu' last (\x jH'rimeiit wit h sodium hydroxidi'. Treat sonu' of 
the solution with hydroehloide acid : with ammonium ehloridi*. 

Experiment 200. — Add some rine sand to about four lime?! 
its weiLilit of a nehum mixiurt' of potassium and sodium ear- 
bonates, iieated in a. jdatinnm enimhh' in tln'llameof tln^ 
blast-lamp, (lontinue the Inailini;- until no more sand is dis- 
solved. Pour the molum mass out on a stone, ami wdieii 
cuolml break it up and treat it with water. 

Exporimont 201.— dheat a little of the solution containing; 
sodium and potassium silaailes, prejiaiv'd in thii last mxperi- 
meiit, with a little sulphuric or hyd ivxdilorie. acid. A efTit.i- 
noiis suhstaneo will be pi’eei pi fated. This is silieie aeid. Some 
of th(‘ aeid remains in .solution. \\y evaporatim; th(‘ solution 
to drvTiessaiid heatim; lor a tilin' on the water-liath, all tlu' 
silieie aeid is rendered insoluble. 

EXPt'*!! MEN'i'S d'O .V( ( ’O.MIhVNV ( lI APTKll XXIV. 

(Jn i.oni DKs, P>uoMii>t:s, axd IodidI'S. 

Exporimont 202. — | ))ssol ve a small ervstal ol silv(*r nitrati^ 
in pure water. Add to a small (piantity of this solution in a 
test-tube a few dro])s of dilub^ hyd roidilorie aeid. Tin' while 
substanei' thus ]U’eei pitateil is silvi'r {ddoriih*, Al;'( 11. d'o an- 
other small [)ortion of tin; solution a<hl a lew drops ol a dilute 
solution of common salt, or sodium chloride, NaPl. ddie 
white substance produced in this case is also silver chloride. 
Add ammonia to each tulie. Tf suflicient is added the 
precipitates will dissolve. On adilinf; enouj^h liydrochloric 
acid to these solutions to (;oml)ine with all the ammonia thr 
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silv(M‘ (‘liloridc' Is n^aiii ilirowii <l()\vn. On standing oxpos(Ml to 
t)i(‘ light both pi'cci pitatcs change (M)1 oi“, hcconiing linally dai’k 
violet, ddie reat^lions involved in the above expio’inients are 
thes(‘ : 111 the lirst place, ^vlHOl h vd |•o(ddol•ic a(a<l is added to 
silver nitrate this reaction takes place : 

AgN()3’ j- IKJl Agdl f UNO.. 

When sodium chloride is added this nxu.'tioii takes place: 
AgNO, + Na(d AgCI 4- NaNO^. 

In the lirst reaction niti'ic acid is s('t tree ; in tin* second, 
the sodium and silvm’ (c\(diange places. In addition to th(‘ 
insoluhle silv('r chloride, ther(‘ is Cormed at. tlu' same time the 
soliihU' salt, sodmm nitrate. On adding ammonia the silver 
(ddoride 1‘orins with it a compound whiidi is soluhie in water ; 
and on adding an acid, the ammonia eombiiu's with it, leav- 
ing tln‘ silver chloridi' nneombined and (heiad'ore insoluhle. 

Kxteiisive* 11S(' IS made of insolulde compoumls tor the piir- 
])ose of detecting suhstances in analysis, d’he only insoluble 
chlorid(‘s ar(‘ thosi' of silver, h‘ad, and menuiry.'*' Jf, tla're- 
fore, on aibliug hydrochloric acid or a soluble ebloriib' to a 
solution, a pi’cci[iita(e is foimicd, tin* conclusion is juslilied 
that oni' or more of the i,hi-ee metals — silver, h'ad, or mercury 
- — is pri'siMit. Ilv taking account of tlu' dilTei-encivs in the 
pl’operties of thesi' ehloridi'S it is not diHicult to deidde oi' 
which of them a preeijiitate consists. 

II vintoxiDi'S. 

Exporimont 203. — 'To some |)ieees of freshly-burnt liimi 
add enough cold watei’ to covm* it. 'riie action wljich takes 
plaei' is re}>resenU‘d by th(‘ (>(]uation • 

CaO 4- 114) ^ Ca(()ll)^, 

riio pro(^ess is known as slaking. 

Experiment 204. — d’o a small quantity of a dilute solution 
of magnesium sulphati' add a dilute solutioii of caustic soda. 
The white precipitate is magnesium hydroxide. [Would you 

* Tliert! are two clilorides of niereury. Only one of them, meremoiis 
chloride, is insoluble. 
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expect this precipitah' to he solnhle in sul[)hiiric acid ^ in liy- 
drochloric acid? in nitric acid?] 'riu* ans\v(*rs lollow from 
these consid(‘rations : Wluai aci<ls act n[K>n hydroxides, saUs 
are formed ; ma<^n*esium snl[)hate is soluble, as is seen by the 
fact that we started witli a solnti(Ui ot this salt ; the only inso- 
luble chloridi's are those of silver, lead, and mercury ; all 
nitrates are solubl(‘. 

When a solution ot an iron salt is treattal with sodium hy- 
droxide a pre(dpitate of iron hydroxide is formed : 

FeCl, + dNaOll he().^L[^, f dXaCl. 

Experiment 206. — d'o a dilute solution of that chloride* of 
iron wliieh is known as f(*rrie chloriih* add caustic soda. 
The reddish precipitate which is fornu'd is ferric hydroxide. 

[ Freim the i^eiu'ral stat(*ments made above*, would you expe*(.'t.i 
this precipitates to be* soluble* in byel reecblorie acid? in nitrie*. 
acid?. T'ry e'acli. Is it soluble* in sulphurie aeiel ?| 

Experiment 206. — Add to a solutieui of an aluminium salt 
sodium live! roxiele*. Afte*r a ])r<‘ei}*itate* is forme'd e'ontinue* to 
aeld the soelium hyd roxiele*. Pe*rtV)rm similar e‘X[)e‘rime*nts with 
a chromium and with a h'ad salt. Boil e*ae‘h of the* solutions 
olstained. d're'at a seelution of cop})(*r snljihate with sodium 
hydroxiele in the; colei. IIe:*at. 


SrLiMiA’rKs. 

Experiment 207 — Make* a elilnte* seilution of barium chlo- 
ride*, of h'ael nitrate*, of strontium nitrate*. T\) a small epian- 
tity of each in a test-tube* aeld a little sulphuiie; aehel. [ What 
remains in solution?] Make* a some*what e-oncentrated sei- 
lutie)ri of calcium e*hloride*. T\> this aelel sulphuric ae*iel. 
[What is in solutie)n?] Aelel more wate*r, anel see whe‘the*r the 
precipitate will elissehve. dTie* formulas ol the salts use*el in 
the; e‘xpe*rime*nts ai'e; barium chloriele, BaCT.^ ; le*ael nitrate*, 
Bb(N().T 2 : strontium nitrate^, Si-(Xt [Write the; eejuations 
e*xpressing the; re*ae;tions. ] If te) the solutieens of the* salts any 
soluble sulphate* is aehled inste*ael e)f sulphuric ae;id, the same; 
insoluble sulphate*s will be formeel. ddu; sulphate;s of iron, cop- 
pe*r, sodium, anel potassium are amon^ the soluble sulphate*s. 
Make diltite seilutieins of smalKrjuantitie*s of e*ach of these*, anel 
add them suce;essively to the se)lutions of barium eddoride. 
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;r;i(l nitnite, iind strontium iiitnito. T1 h‘ fonnulii of iron sul- 
phate is FeSO^; of ooppcr sulphiitr, CuSO^ ; of sodium sul- 
phate, Na.^S()^ ; and of j)otassium sulpliato, K.-SO,. Writer tlie 
(Mpiations represt'uting the n-aetioiis which take place in tin? 
aliDve experiments. It need hardly h(‘ explaimal that the 
action consists in an e^cliangi* of places on tlu* [)art of the 
metals. Tlnis, when the sohihh' salt iron sul[)hate, FeSO^, 
is hrciiLjht totri'ther with the solul>le salt l)ariimi chhuadc, 
the insoluhle salt harium sulphate, llaSU^, and the 
soluhh', salt iron ehloride, FeFl.^, tin‘ formed : 

FeSO^ 1 - Wal'V^r^ Fe('l,^ -V F>aS(^. 

\vVnU e'tlUX 01’ Sv,’ \a*\l M'KS TO SriTTIlOV’S, 

^ Exporiment 208.— Mixand moisten alltUi' sodium snlplvaVe 
and linely-powdered charcoal. Heat tlH‘ mixture for some 
time in the reducino* llaima Aftm- cooling scrap*' off the salt, 
dissolvi^ it in a fmv cubic, (‘(mtiim'ters of water, and lilter 
through a small lilter. If the (diange to the sulphide has 
takim place, sodium sulphide', Na^S, is in solution. A solu- 
tion of a sulphide when added to a solution containing eo])per 
giv*‘s a hhick [ireeipilate of cop[)er sulphide. Try this; also 
try the ai'tion on the solution of the salt of eop])er of some of 
lh(? sulphate from whiidi the sulphide was made. 

('a KI’.ONATKS. 

Exporiment 209. — 'J’he formation of carbonates i»y the ad- 
dition of soluble cai'bonates to solutions of salts of metals whoso 
carbonates are insoluble, is illustrated by the following experi- 
riK'iits: Make solutions of co[)per sul|)hat(‘, iron sulphate, load 
nitrate, silver nitrate, calcium chloi-id(‘, barium chloride. 
Add to each a little of a solution of a soluble carbonate, as 
sodium carbonat*', potassium carbonafi', ammonium carbon- 
ate. \ot(* till' result in each case. kdller olf all the juao 
cipitat(‘s and prove that they are carbonates. 'Phis may bo 
doiK! by treating them with dilute acid.s, which dei'ompose 
them, causing an evolution of carbon dioxide, wdiich can be 
detcct(‘d by passing a little of it into lime-water. In some of 
the cases mentioned the insoluble salts formed are basic car- 
bonates, as, for exam])U', those? of coppi'rand magnesium. The 
salts of silver, calcium, and bin*ium are the normal carbonates 
BaCO„ and CaCOj. 
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EXPEKIMENTS TO ACCO^IPAJSY ClIAPTEU XXV. 

Potass I I'M Salts. 

Exporiment 210. — lii prcpiiriii^ [mtiiy.siuin iodide from 
iodine ;ind potassiuiu hydroxide, ])roceed us follows : 4’o 30 
gniiiis iodine use 13 grums liydroxide. 'I dissolve tlie hitter in 
100 ee. wut(‘r. Add half this solution to tlu‘ iodiiu^ in a por- 
eelain evaporating dish. Now slowly add the rest of the 
lirpOil until the eolor disai)pi‘ars. Coneiuitrate the hapiid to 
a syru})V consistence, adil 1 gram linely-[)owdere(l ehai'(;oal, 
mix, and evaporate to dryness. T’he residue is then liealed 
to rcMlness in an iron v<‘sseL Aftei* cooling t^xtract with water. 

Exporiment 211. — Potassium lodidi* can also be prepared 
bv the following method : Jiring togetlun* in a ca])sule 300 
grams water, 10 grams iron lilings, and 40 grams iodini' ; mix, 
and heat gmitlv. Wlum the solution has bi‘i*ome gr(*en, de- 
cant, lilter, and wash. Now heat the li(pii(l nearly to hoiling, 
and gradually add a solution of 33 grains potassium carhonate 
in lOO grams waUa'. Kilter, wash, and ('va[)orat(’. 

Exporiment 212. — DissoUa* 30 grams ]K)tassiiim carbonato 
in 300 to bOO cc. water, ileat to hoiling in an iron or a silver 
V(*ssel, and gradually add the slaked lim(‘ olitaim'd from 33 
to 30 grams of gceod (pnckliuK*. During th(‘ op(‘ration the 
mass sliould b(’ stiriasl with an iron spatula. Aftia* tin? solu- 
tion is cool, draw it ojf by nn'ans of a- siphon into a bottle, 
ddiis rnav be used in (‘Xperiments in whudi caustics potash is 
r(‘quired. 

Experiment 213. — M\x togetlnn- 13 grains pobissium nitrate 
and 3.3 grains powdeiaal charcoal. Set fire to tlu^ mass. 

Experiment 214. — 4’n‘at a (piantity of wood ashi's with 
water. Kilter, and (examin(‘ by means of reel litmus-paper. 
Plvaporate to dryness. What ('vidence liave you that the 
residue contains potassium carlionate? 

Soon M Sai/i’s. 

Experiment 215. — Make a sup('rsaturab*d solution of sodi- 
um sulphate by heatingan (excess of the salt with wabu* at 33”. 
Filter the solution into small flasks and c.ork th(*m. On re- 
moving th(i corks and agitating tin; vi^sscds, the salt will sud- 
denly crystallize out. 

Experiment 216. — Pass carlion dioxide into a strong solu- 
tion of ammonia (about lOOcc.) until it is no longer absorbed. 
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A soliiLion of acid ammonium carbonate is tliiis obtained. 
Add tins to a concemtrated solution of sodium cbloride as 
long as a precipitates is form(‘d. Filter olT the pre(M])ilate', 
and dry it by spi-eading it u])oii layers of lilt(a--pa|)er. Heat 
some of the salt when dry, and determims whether the gas 
given olT is carlion dv3xid(‘ or not. When gas is no longer 
given otT by heat, let tins tubt‘ cool and (‘Xarnine the residue. 

Experiment 217.Makeamm(niium snljihidt; thus : Div: hs 
a given (piantity of a solution of ammonia into two equal 
parts. Saturate one lialf by passing hydrogen sulphide throdgh 
it, and then add the otlua' half. 

EXPERIMENTS TO ACM’OAIPANY CHAPTER XXVI. 
(’Aia'ir.M Salts. 

Experiment 218. — Dissolve 10 to 20 grams of limc'stono or 
marble in common hydrochlorns acid. Filtcu’, and evaporate 
to dryness. Kxi.iose a few pieces of the lassidue to the air. 

Maon^esttm and jts Sai-ts. 

Experiment 219. — !Make anhydrous magnesium chloride 
thus: Dissolve bSO grams nxnjHesui ushi in ordinary hydro- 
cdiloric acid ; shake the solution with an exci'ss of magnesia 
to leniove iron and aluminium; IiIOt; add 400 grams am- 
monium chloi’idt' ; (‘Vaporati' to dryness, kiHqiing the muss 
constantly stirn'il. d’he doubh* salt thus formed must be 
dri(‘d until a small sjiecimeii put in a tcst-lulx* is found not 
to giv(* olT water wlnn h('at(Ml. d’lu* dry salt is then ignit(‘d 
in a crucibU^ [daced m a furnaci' until ammonium chloinde is 
iiolonger giviMi olT, when the nioltim mass, which isanliydrous 
magnesinni tddoride, is ])nured out on a stone and, afu'r it is 
’broken up, it is })ut in a dry liottle providtal with a good 
sto]){)er. 

Experiment 220. — Mix (I parts anhydrous magnesium 
chloride, I jiart of a niixtun' of sodium and ])o(assium (dilo- 
rides, prepared by melting tin; two togi'thc'r and breaking up 
after cooling, 1 part powdmrd lluor-spar, and 1 part sodium, 
ddirow this mixture all at once into a red-hot crucible in a 
furnace, and cover the crueiiile. In a f(*w moments a curious 
sound is heard, and this indi(*ates that the reaction is taking 
plae<‘. Nowtakci tln^ crucibl(^*out of the furmuaq and stir the 
liquid in it with the aid of a clay pipe-stem. This causes the 
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particlos of the niotiil to collect In oiu; largo spherical rriass. 
After cooling, break the crucible, separate the nuh-allic ball 
from the slag, and wash it rpiiekly with hYdro(*hl()ri(^ acid to 
remove supcillcial impurities. If the slag is mclt(‘d witji jt 
quarter th(‘ wiaght of sodium that was use<l at first, a second 
smaller piece of magnesium will be obta.ined. 

EXPERIMENTS TO ACOOMPAXY (^IIAPTER XXVII. 

A L u M 1 X I LVM ( d I la ) R 1 1 ) i: . 

Experiment 221. — Aluminium chloride is made thus: 
Mix alumiid(! oxiih^ with star(*h-])ast(‘ ; form the mass into 
small l)alls of tlu‘ si/,e of oi-diiuii v marbk‘s ; igniter these in a 
crucible in a furmna' ; ])ut them in a jxuaa'lain tula*, and tlum 
pass dry chlorine over them, at tlu‘ same time heating t h(‘ tube 
to I'cdm'ss. T1 h‘ <'hloride will suhlinn' in the front end of the 
tube or in a r(H‘civ('r if the; Inait is sufliciimt. It can be j)uri- 
fied by sul)liming it over luaitcal ii’on or aluminium. 

EXPERIMENTS TO Af'COMPANV ( HAPTER XXVIll 
COPRFJI AND ns SaI/IS. 

Experiment 222.— (hiprous chloibh^ is Ix'st madc^ as fol- 
lows : Saturate a solution of 1 ])art sodium chloride and 
parts crystallized coppn* sul])liate with sulphur dioxide. Fil- 
ter, and wash with aradh^ acid. 

Sinvi:i{ AXF) ITS Salts. 

Experiment 223. — Dissolve a t(‘n or tw(*nty-tive (amt pit^ce 
in dilute nitric acid. l)ilMl(‘ the solution to LdiO to d(K) cc. . 
with hot water. Add a hot solution of common salt until it 
ceases t<j produce a |>rccipilate. J^’ilter off the white silver 
chi u'idc and wash with hot water. Dry the ])r(;cipitate on 
lh(! niter, lyv pl.-ieing the funnel with the tilterand ])recipitate 
in an air-haih heate(l to about 110'’. Remove tlu^ ])recipitate 
from the tiller and ])ut it into a porcelain crucible. Heat 
gently with a small tlame until the chloride is melted; then 
let it cool. Cut out a }>ie(ai of slujet zinc large enough to 
cover the bottom of the crinable, and lay it on the silver 
chloride. Now add a little water and a few dro])s of dilute 
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eiilpliuric acid, and let the whole stand for twenty-fonr lioiirs. 
^rhe silver chloride is reduced to silver, and zinc cliloride is 
for tiled : 

. Zn + 2AgCl Zn(d, + 

Take ont the piece of zinc and wash the silver with a little 
dilute sulpliuric acid,* and then with water. Dissolve tlie 
silver in dilute nitric acid and evaporate to dryness on the 
water-l)ath, so that all the nitric, acid is driven olL Dissolve 
the ri'sidue in water, and put the solution either in a bottle 
of dark ^dass or oin^ Avrapped in dark pap(‘r. 

Experiment 224.--To a solution of silver nitrate contain- 
ing^ about 5 grams of the salt in lUO cm*, watc'r, add a tew drops 
of mercury, and let it stand. Jn a few dayn the silver will bo 
cle))osite(l in the foian of delicate crystals. The formation is 
called the ^Ssilver tree.’’ 

(t 

EXPEiilMENTS TO ACCOMPANY CHAPTER XXIX. 

ZiN"(^ AM) ITS Salts. 

Experiment 225. — I [cat a small pic'cc' of ziyc on charcoal 
in the oxidizing llame of the blow-pipe. The white funuvs of 
zinc oxide (philosophc'r’s wool) will be seen, and the cliarcMAal 
will be covered with a film which is yellow while hot, but be- 
comes wliiti' on (M)oling. 

Experiment 226. Di.ssolve some zinc dust in a solution of 
sodium hy<lroxide, and see whether hydrogen is given olf. 


MRRcrnv axd its Salts. 

Experiment 227. — 'l\fake a solution of mercurous nitrate 
by tr('ating at the ordinary tem[)erature an (‘xeess of mercury 
with Jiitrie acid, which is not too concentrated ; and with this 
solution study the conduct of mercurous salts. 

Experiment 228. — Heat some of the solution of mercurous 
iiiti'ate to boiling, tlnm add a. tew drops of eomarntrated intric 
acid, and boil again. With the solution tluis obtained study 
the conduct of mertmne salts. 

EXPERIMENTS TO ACCOAIPANY CHAPTER XXX. 

Ttn and its Compounds. 

Experiment 229. — Dissolve tin in hydrocliloric acid and let 
the product crystallize. 
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Experiment 230. — Pass dry cldoriiio over griiiiulated tir\ 
contained in a retort connected with a receiver, using the ar- 
rangement illustrated in Fig. (>4, page 800. Redistil the prod- 
uct.* Treat some of the liipiid with water, and boil. 

Lead aad its Compounds. 

Experiment 231. — Make sjieeimens of lead eliloride and 
lead iodide, and erystallizo them from water. 

Experiment 232. — Make lead s(*sqnioxide by bringing to- 
gether lead a,e(‘tate and sodium hydroxide, and treating the 
ioliitiou with a solution of soiliiim hy})oehlorite. 

Experiment 233. — 'Freat some red lead with dilnt(‘ nitric 
ncid. Filter, wMsh, and treat the substance left on the tilter 
with hydrochloric acid. 


EXPERIMENT'S TO ACCOMPANY CHAPTER XXXI. 
Chromic Acid and twk Chromates. 

Experiment 234. — Powder some chromic iron very finely. 
Add griims to a molten mixture of 3 grams each of j)otas- 
sium ('jirbonate, potassium hydroxide, and ])otassium niti’ate, 
Inatcd ill a porcelain crucitile. After cooling ticat the mass 
with water, i’otassium chromate is in the solution. 

Experiment 235. — do tln^ solution of ])otassium chromate 
oVitaiiK'd in tin? last eyperiment add nitri(j acid to decompose 
th(^ nnacted-n]’)on ]X)ta.ssium carbonate, and giv(^ tin* solution 
an acid I'eaction. dTie (tolor wall chang(‘ from yellow to red. 
ddi(* red color indicati's th(‘ presence ofd.lu' d i<*hromat(‘. 

Experiment 236. — Treat a solution of 10 to 20 grains 
potassium di(diromat(‘ wdth ]>otassium hvdroxidi* until tin* 
color bccoiiH's ])iir(‘ yellow', and ova[)orato to crystallization. 

Experiment 237. — Make a solution of potassium dichm- 
Tuati; saturatccl at the* oialinary bmiperatuio. Pour into this 
If limes its volume of oi'dinary comttmtratcd sul[)huric acid. 
After the liquid cools, and the chromium trioxiih; siquirates, 
filter with th(^ aid of a filter-pump through glass-w'ool. 

Experiment 238. — To a solution of potassium dichromate 
add some hydrochloric, acid and a little alcohol. On boiling, 
the alcohol is oxidized, and the solution now contains chromic 
chloride. 
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EXPEUIMENTB TO ACOOMPANY ClIAPTEK XXXII. 

Manga NESH and its Co\ti‘Dif xds. 

Etperimont 239. — M;iko and (a-ystalliza some niaii^^anous 
chloride by treating niangaiK'se dioxide with liydroehloric; 
acid. Also make some’ manganous sulphate by lieating niaii- 
ganeso dioxide with sulphurie acid. IJso these solutions tor 
the ])ui-pose of studying tlui eonduet of manganous salts. 

Experimont 240.— In a smull poreelain erueibk* heat fo- 
g(*th(‘r 5 grams manganese dioxide, 5 grams solid potassium 
hydi'oxide, and grams potassium chlorate. When the 
mjiss has tuiaied green, dissolve tlu^ contents in water and 
neutralize most of the free alkali in the solution. Or pass 
carbon dioxide through the solution without boiling. 

EXPERIMENTS TO ACCOIMP ANY OIIAPTKR XXXIII. 

Ikon and rrs Oomi'di’n i>s. 

Experiment 241. — Make hu-rie chloride l)y lu'ating the 
purest iron win' in a eui-rent of elilorine. Also makci a solu- 
tion by dissolving iron in liydro(dilori(*. acid, and oxidizing the 
solution with nitric acid. 

Experiment 242. —Make; ferrous suljdiate l)y dissolving iron 
in dilute sult)huii(t acid, and ('vap)orating to crystallization. 
l)issolve“e(juivalentrpiantit/u‘s of iVrrous suljdiate and ammo- 
nium sul|)hate, and (‘va|)oi-at(‘ to (a*ystalliza-tion. 

Experiment 243. — Dissolve ferric hydroxide in sulphuric 
acid, and evaporatii to dryness. 

EXPERIMENTS TO A(T'0]\IPANY CHAPTER XXXIV. 

Platinum. 

Experimont 244. — Prcjiare a solution of platinic chloride 
as follows : TIc'at platinum in a ilask with eoneemtrated nitric 
acid, adding from time to time a few drops of hydrochloric 
acid. After the metal is dissolved evaporate to dryness. Dis- 
solve in water and filter. 


Conclusion'. 

At the end of each chapbu- treating of tlie metallic or base- 
forming elements there is givi'ii a list of such reactions as are 
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of spocial viilue for analytical piir[)os(‘s, togc'tlier with such ex- 
planatory statcunents as st'cni ca.ll(‘(l for. The student wlio is 
engag(Ml in analytical work will generally find these ex])lana- 
ti(jftis sufii(‘i»‘nt to onuhh* him to ke(‘[) his ideas clear in regard 
to tlu' reactions with which he is (healing, pi-ovided, at the 
sa,m(‘ time, he carefully studies the chapter to which the (cx- 
planations toian an appendix. As an intro(i action to amilvti- 
cal woi'k, a geiu'ral study of (‘luMnieal reactions is necessarv, 
and the tuller this is the h(‘tter. ddu're are many small books 
in exist(‘nce in which good directions art' given for work of 
this kind, ddit^ studc'iit is, howt'ver, advist'd to su[)pl(mient 
the book he may bt^ using by smdi expt'riments as niav suggest 
tlu'inselves on reatling the corix'sponding chajiters in this 
book. The directions then* found will generally ho quite suf- 
ficic'ut for the purpose, and it is therefore not considt'i’t'd 
nt'cessary to give mont speeific directions in this place. Jn* 
general, tin* mon* tin* studt'iit octuqiies himself in tht^ labora- 
tory with chemical substances tin* more I’apidly will histdiemi- 
cul ideas gi-ow. Hut it is nt'ct'ssary that lit? should avoid 
working by rule of thumb,” anti for this purj'iose constant 
reference to some larger text-book in which tin* relations be- 
tw(‘en the sul)stancc*s and the reactions he is dealing with are 
discussed in a broad way is of tlu) highest importaiita*. 
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Th E followiii^r tables luivc been prepared to fiirnisli those 
w'lio jjiay use tliis book as a refereneo-book in eoiinectioi) with 
]ai)orat()ry work with sncli inforDiatioii as they may need, but 
wlii(‘h they can p(;rha.])s g('t only from works not always ('asily 
available. It was not considered advi.sabl(‘ to include talib's 
required in j^as analysis and ^nnieral ejuantitat i ve analysis. 
l'\)i* part of the inat(‘ria.l I am indelited to that excellent 
work, the Cliemikei'- Kalmider, by M. Biederimuin. In the 
tables of solubilities the substances have been arranged 
alpbabeticjilly as salts of acids, as for exam])ie the acetates, 
chlorid(!S, sulphates, and sulphyd rates. 

.1. Elliott Gilpin. 
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ATOMK^ WEIGHTS. 


(Fnim “The Constants of Ts'aluie,” hy F. W. Clarke, 1807.) 


Ahiininiiim. . . 

H 1 

.. L’b.oi 

<> - Oi 

27.11 

IMolvbdenuin .... 

TI 1 

05.20 

() = Ifi 

05.00 

Aiftimony 

.. llO.di 

120. 12 

7se''dvtnium 

BIO.TO 

140. SO 

Aii;ou 

? 

y 

Nick, 4 

5S .'4 

5s,00 

Arsrnie 

.. 74.11 

75.111 

Nilnemn 

12 02 

14 04 

Eai'itini 

.. 1 ;;o 

127 12 

O'lninm 

ISO 55 

100.00 

Jiisinulli 

.. LMMidl 

2ns. ; 1 

(tween 

1 5 SS 

10 00 

Boron 

.. lust) 

10.05 

I‘;dladium 

105 50 

100.20 

Jlroininc 

.. 70. :n 

70 05 

lOiO'^piiorus 

20,70 

21.02 

(a'iiniuin 

.. Ill 10 

1 1 1.05 

Fl.aliiium 

102, (1 

lOl.^O 

Cte^inm 

.. Bd.SO 

122. so 

I’nia'.'.ium 

2S,S2 

2.0. 1 1 

Calcium 

. . ::o 70 

•lour 

Ibav, ,)d\ inium.. . 

M2 50 

1 12 00 

(' 11 1)' 111 

.. WAn 

125(1 

Itlii'diuin 

102 22 

102 01 

{’(‘liuiii 

. . i:io 10 

1 10. 2<) 

Kiibidinm 

S-I is 

S5.12 

('ll lorine 

.. Mb. IS 

25 15 

Knt lieidum 

lOo.OI 

1(11 OS 

Cliroiniiiin. . . . 

.. 51 n 

52 11 

S,i ma limn 

1 10 12 

15n 20 

Cobalt 

. . 5S -H) 

5s o:; 

Si-.iiid um 

•12 7S 

•1 1.12 

Coliiniliiiini . . 

.. 

02. 

S' l, Ilium 

7S 12 

70.02 



02,. (10 


2S IS 

‘'S .li) 

Eiliiuni 

.. 

. . lO'i <»0 

100 22 

Si 1 ver 

lo:. 1 1 

107.02 

Flii'iriiie 

.. IS. 01 

10.00 

Si,dium 

22 SS 

22.05 

(iadoliniiim.. . . 

.. 155 .77 

150.70 

Si ri>ni ium 

SO 05 

sr.oi 

(talliuin 

.. 0;>.;'>s 

0,0.01 

Sulpliur 

21 s2 

2 0 7 

G rmaii iiiin . . . 

.. 71. 00 

72. IS 

4'mlalnm 

isi. 1,5 

IS2 S I 

( J liiciiiuiii 

0 01 

0 OS 

'1501111 ium 

120, 52 

127, 10 

G(T1 

.. 105 71 

107.22 

''I'ei Ilium 

15S.SI) 

1 Oo.oi) 

Helium 

y 

? 

4’iia 1 dll m 

202.01 

2o 1. 1 5 

H\<lroi;en 

1.000 

I.oos 

'riiorium 

220 s7 

22. 202 

Indium 

.. ll'i.OO 

1 12,.S.5 

I'hulium 

100 10 

1 :o 70 

Iodine 

. . 125. so 

1 20.S-, 

Till 

1 1 S 1 5 

I 10.05 

I ridiiim. ....... 

.. lOl.C.O 

102.12 

'rilanium 

i:.7.i 

IS 15 

I roil ....... - . 

. . 55.<;o 

50.02 

'run^steii 

IS ;. 12 

I S 1 ,s2 

fi ml lianum. . . 

. . 1 :;7 50 

12S. 1 

Cr, inium 

22m 7 r 

220 .50 

I.'ad 

. 205.20 

200.02 

\di adium 

50.00 

51 2S 

r i n 1 1 i n 1 n 

0.07 

7.02 , 

5'i let Ilium 

1 : 1 SS 

172 Ilf 

.M lam-.sinm . . . . 

.. 21 10 

21.2S 

5'iiiiu.n 

SS 25 

SO 02 

IM :n LOinese . . . 

.. 51.57 

54 00 ' 

Zmc :. 

01 01 

05. 11 

iMereury 

.. 108.10 

200.00 1 

Zirconium ... 

80.72 

00 40 
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MELTING POINTS AND P, OILING POINTS OF THE 
ELEMEN I S. 

When; flic viiluos of dilleroni. observers Viiry, iLc; liinlif.st and lowe.si, 
TVill be ^iveii. 



Melt inK'i'oinl . 


Alnmiitiuni .... 

(i(M) .S.'iO 

n.v. al w Idle heat 

Aiiliiiioii}’ 

4jr)-jr)() 

KDO-Iioo 

Alison 

- 

iso.o 

Ar^eiiie 

under pie.^surc al red heat, 

sulilini<*s al 150 

Ibi' imu 

red lic;it 


P>ei 

below KKM) 


JiiMinilh 

2()() 

10!)()-M50 . 

Euro 


Eiotiiiiic 

— 7.:> 

50-00 

(fidmiimi 

olo ;;2() 

700 -SOO 

('asiiim 



( ’ 1 1 (■ i u 1 1 1 

red heal 

n.v, 

f ’arboii 

iidnsihle 


(.'ei'in in 

lielweeii >h and Ai; 


(.'liloi iiie 

solidilies ;il - loi 

- 00.0 

( '111 oniiiim 

ideher i ban plai inuni 


(’ol):ilt 

IhOd ISOO 




IGlIoi ilie 

10(10 i;:2() 


(.!ai ill 111 . . 

:io. i.i 


Gui inaiiiiun 

alxmi 000 


(Juld 

io;ir, i i.70 


I iKiiiini 

17(1 

red heat 

lodiiK' 

1i:: 115 

above 200 

1 1 idiiiin 

1050 2.700 


I run, 1 lire 

1500- ISOO 


fj< ad 

0.22- 0:i5 

between 1 150-1000 

futliiiitn 

ISO 


MaaiK'siiim 

500 soo 

abmil 1 100 

Maiieaiir'>'e 

1(100 


jMciciiiv 

_ :is 50 lo - 10,5 

0.57 2.5 

]\lolvb(lellUin 

does not melt al ;i while lu'at 


Ni.kel 

1 i:.0 1000 


Nil loacii 

solidilh s al 200 at 00-70 mm. 

- l!) l 4 

(J'-iiiitiiii 

2500 


O.w U(*n 

below — 21 1 5 at 0 mm. 

- 1SI.4 

P.illadinm 

10(10 ,1550 


l^llUS] )li( n ils 

■11.2 

287-200 

1 d;i 1 ill 11 III ....... . 

11 do 2200 


Poiiis^i.iiii 

5M 02.5 

007 70! 

iilioiliiim 

2000 


Eiibidiuin 

OS 5 


S( leninin 

2 1 7 

br‘t . 07(1 and 080 

Silicon 

about 1100 


Silver 

051 1010 


Sod nm 

00 07.0 

742-!).54 

S ronl mm 

r« (1 beat 


Sulphur, rliomliie. 

no 1 15 

447 448.4 

“ mono, . . 

120 


“ ninor, ... 

1 above 120 


Tellurium 

425 .525 


Tin 

220.5 205 

bet. 14.50 and 1000 

Zinc 

412-420 

8SH 1040 
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MELTING POINTS, POILTNG-POINTS, AND SOLUBILITIES OF INOR(;aNIC SUBSTANCES— 




MELTING POIX I S, ]!OILlNO POINTS. AND SOLlMilLITIES OF INORGANIO sn5S'I ANCES-(ronr,«wd). 



PoUi^^simn maiigiinate. ... K;Mn(.>; 



MELTlNG-POrXTS. BOILING-POINTS. AND SOLUBILITIES OF INOPvGANTC SUBSTANCES— ( . 


APPENDIX II. 


83a 



Bariutii su peroxide hydrate! BaOa SEIjO 6IJ..0 at 130 s. sol. “ 

Boric acid Jinhydride | Bo-^Os li. H. 3 sol Al. 

Calcium oxide. .. CaO 0.12 0.078 |eoeU^CC^ 

Carbou dioxide CO 2 I —70 ;0' at36atm.| 1;1 * 
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iULPn YD KATES : 1 

Ainin"niuiii su1pliy<Lnte. . . NHJTS | sol. - sol. 

Potassium -siilpiivdiato. .. . KHS “ “ sol. 
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WEIGHT OF 1 LITER OF GAS AT 0'^ AND 700 MM. 
PRESSURE IN LATUrUDE Ur. 


Name. 


formula'. 


Acifylci.C 

Aniin()t)i!i 

(jHi'hon (lioxido.. . . 
“ monoxide, 

Cliloiino 

Ilydrocliloricucid, 

II ydro^mii 

Mcllnuie 

Nit no oxide 

Nitrogen 


CJI, 

’NII 3 

c:(). 

CO 

Cl, 

II Cl 

llv. 

CM, 

NO 

N, 


peroxide, 

Nitrous oxide 

Oxygen 

Sulphur dioxide. . 


NO, 

N,o 

o, 

S( > 


.’NToloeiilar Wci^^Uil. 


20.81 
10.0:i 
48 08 

27.80 

70.80 
80.18 

15.92 
29. SI 

27.80 
45.09 
48.74 
81.70 
08.59 


Woiglit of 1 T.iler, 
in Oram.s. 


1.101 I 

0. 70(17 
1.902 
1.249 
8. 1017 
1.025 

0 (IS9S:8 
0 715:; 

1. :;89 
1.252 
2 058 
1.9055 
1.4 9 
2.8575 


Morley'.s valin'.s for o.xygen uml hydrogen were ndopted, iind tin* others 
ctileuhited on thi.s bu-sis. 


APIMtOXTMATE COMPOSITION OF A NFMIIER OF ALLOYS. 


I'roportioti.v in ^\lli(•h (’onOiinat ion lakes ria<’e. 



Cn 

Zn 

Sn 

Ni 

Air 

1* 

(Vi 

10 

l‘i) 

.\i 

SO 


00 








.8 



Guii-inetHl 

90 


10 










77 


28 









German silver 

00 

10 

20 


20 

90 










18.5 




10 

49.8 20.7 



Rose's mefid 

Pritnnnia melfil — 
Pewter 

7-8 

1 

0 ' 

25 

774)0 

2-20! 





50 

25 


10-15 

Aluminium bronze 

Art bronze 

Soft solder 

90 

80.0 

3.8 

0.0 
50 j 






8.8 

50 

10 


Babbitt metal 

Ni(‘kel coins 

8.7 

75 

! 

88.9 I 

25 







7.4 

Phosphor bronze .. 

90 


9 



0.5 
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FREEZING MIXTURES. 

The mixtures ^iven below will be found useful iu cases where low 
teinperalures are desired. 

TempfM iil lire falls 


from lo 

1 pt. potassium sulphoeyauale -f- 1 pt. water -j- 18 — 31 

1 jU. si)diuiii eldoiitle -[- 3 pis. siiow^ . — 21 

3 ]Us. ei ystalli/.ed ealeium ehloride 1 pt. snow — ^18. 5 

1 pt. snow 1 I pi. diluie sulplnnic acid 4* —41 

1 [U. ]M)!a'sium eliloiido |- 4 pis water — 11.8 

3 JUS. sodium idtraU; -| 4 i)ls. water 4“ — 5.3 

Solid eaibouic aeid 4' elber — 100 


TABLE OF WEIGHT. S AND MEASURES. 


WKIOllT. 


1 irram 
1 grain 

1 oum'e avoiidupe)is 
1 ouiie<* troy 
1 |)()Uiid av()irdupois 
1 jioiind hoy 
1 kilogram 


= 15.432 erains ; 

0.(1(1470 - i-'iiis ; 

= 2S 3 105 o rams ; 

— 31 lu;;5 giams ; 

— 0 15350 kilogram ; 
r- 0 3132 1 kiloe ram ; 

— 2.2()1() pounds avoiniui)oi3. 


1 millimeter “ 0 ();’,03T iiu'bes; 

1 inch — 25.3,005 millimciers ; 

1 meler — 3.2S0S00 feel ; 


1 loot 0 30110 meler; 

1 mile ~ 1(500.31 mi-iers. 




1 cubie eenlimeter - 
1 cubic inch :r:: 

1 cul»i(- (entimel(;r r- 
1 tluid ounce — 

1 liter = 

1 liter = 

1 gallon = 


0 0(11027 cubic incbe.s ; 

10 3S(; cul)ic ceniimeicrs ; 

0 (13,510 Iluid ounce ; 
2.S.41 cubic c. nlimeters ; 

1 70 piiils ; 

0.2201 gallon ; 

4.543 lilera. 
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COMPAUISON OF THE TWADDELL SCALE WITH THE 
13AUME AND GAY-LUSSAC SCALES. 





-- — 

— 


— 






Tw, 

Ik 


'1 

Tw 

Ik 1 

U.-N. 

Tw. 

15. 

(1. I). 

1 Tw. 

21 i 

(J.-5 

0 

0 

I 000 

44 

25.0 

1.220 

88 

44.1 

1.410 

121 

57. 1 

1 .555 

1 

0. ; 

1.005 

45 

25.4 ; 

1.255 

8D 

41 4 

1.44.5 

122 

57.4 : 

1 ()50 

o 

1. 1 

1.010 

45 

!i5.D 

1.220 

Do 

44.8 

L4o0 : 

122 

5 7 7 

1 .555 


2#i 

1015 

4 7 

27 4 

1.22.\ 

Dl 

15. 1 

1.4.55 ' 

124 

5:.D 

1 570 

1 


1.020 

18 

27. D • 

1.240 

i 22 

1.5.4 

1.450 

l;:5 

58. 2 

1.575 

d 

2. 1 

1.0 J5 

4D 

28.4 

1.215 

i D2 

15 8 

1.455 

125 

58 4 

1.580 

(i 

4 1 

1.020 

50 

M 1 

1 250 

1 D4 

15.1 

1.470 ; 

127 

58 7, 

1.585 

i 

4 7 

1.02.1 

51 

2D. 2 

1.255 

1 Da 

451.4 

1.475 ■ 

128 

.58 D 

1 ,5D0 

,s 

5 4 

1 (MO 

52 

2D 7 1 

1.250 

D5 

■15.8 

1. 180 ' 

i;,D 

.5D. 2 

1 (ID5 

!) 

5.0 

1 045 

52 

20.2 

1.2. 5 

D7 

17.1 

1.485 

140 

5D 5 

1. 7oo 

ID 

5 7 

1 050 

51 

20 5 

I 27' 1 

D8 

4;. 4 

1. IDO 

111 

5D 7 

1 . 7 1 15 


7.4 

1 055 

55 

21.1 

1.275 

DD 

i;.8 

1.4D5 ' 

142 

1,0 0 

1.710 

Li 

8 0 

1.050 

55 

21.5 

1.280 

; loo 

18 1 

1..500 ; 

142 

5o.2 

1.715 

i:! 

8.7 

1.055 

■ )i 

22 0 

1.285 

101 

48.4 

1.505 

111 

do 4 

1 720 

M 

D.4 

1.010 

58 

2*. 4 

1 2!M) 

: 102 

■18 7 

1.510 : 

145 

(»0 5 

1 725 

ID 

ID 0 

1.075 

5D 

• ! w. 

1.2D5 

: 102 

ID 0 

1 515 : 

1 15 

50 D 

1.720 

li> 

10 () 

1 (ISO 

50 

2 ; 2) 

1.200 

1 10! 

-ID. 4 

1 .520 

147 

5i.i ; 

1.725 

IT 

1 1 2 

1 . ( 185 

51 

22). 7 

1 205 

105 

4D.7 

1..525 

118 

51 4 

1 740 

IS 

1 l.D 

1 ODD 

52 

24.2 

1 210 

105 

50.0 

1.520 ; 

1 ID 

51 5 I 

1.7 15 


1 2. 1 

1.0D5 

<12 

21.5 , 

1.2 1 5 

, 1"- 

50 2 

1.525 ' 

1.50 

51 8 

1 750 

‘J(l 

12.0 

1. 100 

54 

;i:. 0 1 1 220 

i 108 

.50 5 

1.540 

1.51 

52,1 

1 . 7 55 

21 

12.5 

1. 105 

55 

2a 4 1 

2 .’5 

i 'OD i 

50 D ; 

1 545 :i 

' 152 

52 2 

1 750 

oo 

1 1.2 

1.110 

^ (15 

25.8 

.220 

' 110, 

51 2 ! 

1.550 1 

I'»2 

52.5 : 

1 7 55 

22. 

1 1 D 

1.115 

57 

25 2 

.225 

III ' 

51.5 1 

1..555 2 

151 , 

52.8 

1.770 

21 

15. 1 

1. 120 

58 

2,5 0 

.210 1 

i 1 !2 ; 

51.8 1 

1.5(;() 

155 

(i;: 0 

1 7 75 

25 

15 0 

1 , 1 25 

( D 

27 0 


: 11.: 

52 1 ' 

1 . 555 : 

155 

52.2 

1.780 

25 

15.5 

1.120 

70 

27 4 

.250 1 

’ill: 

52.4 

1 5:0 ; 

1.57 

5.2.5 

1 785 

*) j , 

1 1 

1.125 

71 

21.8 

2. .5 5 : 

1 1 5 

5. ‘.7 

1.57.) 

158 

5-,. 7 

1 .750 

28 I 

17.7 

1 1 10 

72 

28. 

.250 

115 

.52 0 

1 580 i 

15D 

5 i 0 

1 . 7:5 

2D 

18.2 

1.1 15 

72) 

2.8 5 

.25d 

117 

52 2 

1..585 : 

150 

51.2 

1 800 

;!() i 

18.8 

I. *150 

74 

2!l.O 

.270 : 

118 

52 5 

1..5D0 i 

151 

5 1 1 

i.805 

:;i 

ID. 2 

1 . 1 55 

75 

2!) 1 

. 2:5 1 

1 ID 

5,2 D 

1 505 1 

152 

5 1 5 

1.810 


ID. 8 

1. 150 

75 

2D. 8 

,2811 i 

120 

54 1 

1 Ci'O i 

152 

5 I.S 

1 815 

o5 

20.2 

1 105 

7 7 

■10.1 

2‘'5 ' 

121 

54 4 

1,505 1 

151 

55 0 

1 8.0 


20. D 

1 170 

78 

111 5 

2D0 ! 

1 22 

.2’ 1 7 

1 510 i 

155 

55 2 

1 82) 


21. 1 

1.175 

7D 

•10.8 

.; D5 ! 

122 

55.0 

1 515 1 

155 

55, 5 

1 820 

Dlii 

22.0 

1. 180 

80 

41.2 

.1 10 i 

121 

5 . 2.2 : 

1 520 i 

157 

55, 7 

! 825 

27 1 

22 5 

1.185 

81 ' 

1 1 5 , 

405 

122 

5.2 5 

1.025 i 

1’ 8 

55. D 

1 8 10 

28 

22.0 

I ID) 

, 82 : 

42 0 

.410 

125 

52 ,8 

1 5 ::o 

li.D 

(,5 1 

1 .8 15 

2D 

•) 

1 . 1 D5 

S 1 

12 2 

.115 

1 27 

55 0 

1.525 

170 

55 2, 

1 .8,50 

■10 

21 0 

1.200 

■ 81 

42 7 ; 

.120 

128 

.55 2 ' 

1.540 

1 :i 

55 5 

1 8.55 

■11 

21 5 

1.205 

85 ; 

12 I 1 

125 

l-.'D 

.55 5 , 

1.515 

1 2 

55 7 

1 85,0 

■12 
■12 1 

25.0 
25.5 1 

1 210 

1 215 

85 ' 
, 87 i 

42.1 1 
42 8 i 

,420 

. 1 »D) 

120 

1 

55. D 

1 

1.5.50 

172 

57.0 

1.855 


'I'Ih* of the H.-i'iiin' liy<lr’"mcli'i-, foe |i(|iii(ls \v;itfC. is so Mdj'Ktcd 

til It till* pujiiL lo wl'iicli till* spiiiillo Won 111 *.iiilc. in ;i solui joji of oin* of '-i ulinm 

(•liloriii(< ill iiiiii* p.Miis of v\;i(i‘i-. is iii;i ikcil 0. wliilo tin* coii *..siioiMjii,_. point. u|,rii 
|i|ji I* w.'ilor is used, is m n-keil kl. 'I’lii* ■|isi ninieril U'-ed for l ipnds lieavier i li.m 
w;il(‘r lias I 111* () a|. i he |)oiiil to whieli it sinks in p n e \\ at“r. and 1 In* JO ;d t l.e point 
leaelied in a HI per eeiii solntion of s.idnnn eliloi joe ;H 17 re’. 

Tlie Tvaddell li\ droinetei* eonlains iwo hnnilied divisions for ji dilTe'eMi e in 
speeidi* ^o a\ il V of one. The 0 of ■rwaddell is the -peoitie j^ravily of pure w ater atid 
“ 1.000. rile in.striiim*nt is iisiiidlv divided into live s«*i*t ions for cun venience. The 
•.iOO mark would (*onvs{)oiid to a specilu* Kt^iviiy of -.‘.(JUU. 
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Acetone, 

371, 3>74 

Acid, aci'lic, 3(‘)() ; niitiinoiiic, 313 ; 
;usciiic, 33(5; .Mi'sciiic, c\ |»('riiiiciit,s 
witti, arscii ions, 337; borii', i 
J).V1 ; broinic, Klb; (•ai'l)onic, 3S0 ; j 
ell loraii ri<', Oil; <‘bloric, 110:1 
chloi-ic, cxpcriiiiotils \vi;li. '77'2 ; . 
clilorous, I i<S; chlor|)latiiiic, 730 ; j 
cli lorsii I pliii ric, 311 ; chroinic, 1 
0o3, 003 ; cliroiiiic, (‘\]»criiuciit'^ ■ 
wifii, S30; cvaiianfic, 015; cyan- I 
ani'ous. 015 ; <\vanic, -lOl; cyan- j 
platinons, 730; dichromic, OoS ; ; 
(lisilicic, 133; disulpliuri<-, 310; j 
ditbionic, 3dH, 335; dititaiiic, 43-1; 
dill ran ic, 077; f erric. 710; ferriby- 
(Irocyanic, 701 : 1'cri‘oliydrocy • 
aide, 70 ) ; tinoborii’, 353; lluo- 
silicic, 415; Ibio'-ilicic, com>I it nt ion 
n\\ 410; llnosiliiMc, prcparalimi 
of. Sll; lliiolantalic, 350; lino- 
tilaii.c, 417; tlnozirconic, 117 ; 
formic, 3S(), 301 ; fiimmp, sul|>lin- 
ric, 3ii); bydrobromic, 1(515; hydro- 1 
bi’omic, c\'])crimcnts with, 770 ; j 
li vdrocbloric, 43, lOo; bvdrocblo- | 
ric, experiments with, 771 ; liy* | 
droidiloric, formation of, 770 ; j 
hydrochloric, pre]>a rat ion of, 7 1 1 ; : 
livdriodic, 100; bydrioiiic, reduc- ■ 
iii^' action of, 77ib hydrocyanic, ' 
403; hydrolluoric, 178; bydrollno- 
ri(‘, constitution <d’, 170 ; liydro- 1 
lluoric, ex[)erinicnls with, 770 ; ' 
liydrosiilphiiroiis, 233; liypoln-o- ; 
mous, 100; hypo(dilorous, 110 ;j 
hyponitrons, 383; hypophos- | 
jtiioric, 333; liypophos|»horous, , 

333 ; liyposulplmroiis, 308, 331, , 
333 ; iodic, 171; iodic, constitution I 
of, 17(1; iodic, <‘X])eriments with, i 
770; maiif^anic, 183, (585; mcia-| 
boric, 355; mctacbroinons. (550 ; ; 
inetantimonic, 300, 343 ; incta- 
])hosphorii‘, 300, 331 ; metarsenic, 
300, 330 ; metastannic, 043 ; 

mctavainidic, 350; inolyl>dic, 071 ; 
muriatic, 43; nitric, 43, 377 ; 


nitric*, experiments witli, 703 ; 
nitric*, normal, 303; nitric, prepa- 
ration of, 701; nitric, rt'd fnminp', 
381; nitric*, rc*(luction of,^ 704 . 
nitrohydiochloric*, 3'Sl ; nitrosyl- 
sulphiiric. 313, 303 ; nitrous, 3‘''1; 
nitrons, c'xpcrimcnts with, 704 ; 
nitrons, normal, 303; Noi'dliansi u 
snlpbnric, 310; normal snlplmric, 
310, 3 IS; orllioaiiiimonic*, 343 ; 
ort bopliosplioric*, 30(1, 33(5; orliiova- 
nadic, 350; osmic*, 734 ; pentatlii- 
onic, 3 O 8 . 33(5 ; pcrbrom’c, 100 ; 
])crcliloric, 118 ; pci'cldonc, ]»rep 
aration of, 773; |»oriodic, 173; 
periodic*. c*onsiitntion of, 174 ; 
jceriodic, mirmai, J7-I ; pernnm- 
panic, 183, 087 , pbosplioric, 330; 
phosphoric*, exp(*riMn‘ii(s with, 
803; phos|diori<*,”‘Iacial.33I ; jilms- 
14. '•ric*, “ inscdiilili*,'’ 541 ; |)hos- 
pliorii*, noi inal, 300 ; ])liospbori(*, 
“r<‘vcrlc“(i. '■ .■)41 : phosphoric “sol- 
uble*. ”5 1 1 ; pbospbo-moly belie, 073; 
phosphorus, 333; platinic, 730 ; 
prussic, 403 ; jiv roantimoiiic*, 307, 
343; pyroarscMiic*, 307, 330 ; pyro- 
c*arboiiic, 388; py roli<pnc*ons, 300 ; 
pyropliosplioric, 307, 330 ; pyro- 
snlpharscMiic, 343 ; pyrosiilpliarse 
nions, 343 ; py ncsnlplinric, 310; 
py rotantalic', 351; pyrovana lic, 
350; rut hem ions, 733; sc*l('n:c. 3^3; 
sc'lc'nions, 311; s l.cic, 130; silicic, 
experiments with, 813; silicic*, 
insoluble, 433; silicic, normal, 430; 
.stannic*. 043 ; siilphaiitimenions, 
340; snlpharscnions. 3 10; sulplio- 
carhonic, 400; snl|)ln)cyaiiic, 407; 
snlphotc'lliiric*, 315 ; snlplioxyar- 
sc*nic,343; siili4inric, 13. 300; snl- 
[dinric, (‘xpcrinu'nts with, 783; 
sulphuric*., illnst at ion of prepa- 
tion, 783; sulphuric, solid, 3i9, 
33>0; sulphurous, 330; sulphur- 
ous, exj)crimcuts with, 7S3; sul- 
])hvdric, 300; telluric*, 344; tellu- 
rious, 344; t<*truhoric, ;554; tc*tra- 
hydroxyl-sulphurici 318; totralhi- 
843 
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onic, '208, 220; tliiocarbonic, 406; 
tiiiosulpliuric. 20H, 223; triazoic, 
277 ; trithionic, ‘208,225; luii^sjir, 
vaiiadic, 350; /.ircoiiic, 424 
Acids, 61, 1'27; avidity <.l. 110; Oasi- 
city of. 13(5; Const 11 111 ion of, 131; 
diOasic, 138; nionolias.c, l3S;no- 
luciiclatui'i' o' , 1 13; or^ao if, 380; 
])(‘iraiia''ic, 138 ; jiolynioly I kHc, 
672; polysilicic, 422; polystaniiic. 

6l3; |)oiy t uii'cst T, (IM; silicn- 

tiiii 674; iotral>a-ic, 138; tii 
lii-'ic, 138, ti isilicii-. 123 
Acids of aiitiiiiony and arstaiic, <-on- 
si it Ml on of, 3 16 

Acids of [ ln)S[)liorus, constitution 
of. 335 

Ac ds of sulpliur, constitution of, 
226 

pJioypJtorii'n m ^ 

33 1 

Atlini'v, cl 1 on deal, 11, 435 
Allinitv. spccilic cocOn'icnt of. 412 
AllinOv, t liorniochciuicul sludv of, 
438 ’ 

Auiito, 418 
Air. 218. 251 

Air. aniilvsis fif, 253, 785 
Alaliaiidi'tc. 684 
AlaOaslcr. o3'J 
A il'ilc, 575 
Alclioiiiv, 4 
Al.-ol,ni 379 
Aldi'liydc, lorndc, 379 
Ali^arotli, powder of, 318, 347 
AlUalio.s, 12 7 

Alkali metals, 482 

Alkalim- eiirtlis, 527 
A laiiM", (555 
.AlkMf p,v. -9 

Allovs, approximate composition 
oik 839 
Aliy lone, 371 

Alum, lia ic, 578; Im rnt, 578; insoln- 
lile. 579; shale, 578 


270; detorinination of C(;inpo,si- 
tion of. 790; ex])(*riments wltli, 
789; |)repaiation of. 788 
Ammoniacal rnpior. 266, 365 
Ammonia process lor soda, 512 
Ainmoidum alum, 579. ainalft;ain, 
2i3, 625; carliamatt*, 522; <uirhon 
ate, 522 ■ clilofiile, 2(56, 519; com- 
]ioiiiids, metallic derivatives of, 
27 1 . com poll I ds, st nict It re of. 274; 
li \ d rosii 1 ph i(h‘, .521; Ipdr.xide, 

270; iiitiale, 522; nil nie, ‘.07; miie;- 
liesiiiiii pln/spliale, 329, 560; 

pliosplio inoly l)date, 672; salts, 
269, 517; salts, fonnntmu ol'. 789; 
su'|dii(le, 520; sulphide, prepiiia- 
lioii ol, 81 7 ; .sul[>hocyanate, 519; 
nranate. (57 7 

.\mmoiiiinii sulphide ^roiip, 198 
.\niperes law, 73 
I Anatase, 412, 123 
I Anh\druh-s. 172. 209 
! Anh'..lnte. 530 
Annea hiii’ . 5 I I 

.\n(iinony. 5.08; ami its eonijioutids. 
experiimaits Willi, 799; hlelide, 
315; oxychlorides, 319, 347; oxy- 
(dilofide. experiment with, 8'I2; 
])entaeh loride, 318 ; )entasul- 
])hido,3 4(5; I'ontoxide 31 ‘ ; sails of, 
:) I 3 >; SII I plhnles. ex P< rimeiils w ith, 
802 ; let rnxie'e, 5! 15; t ' i<di loride, 
31.'^; Dioxide, 3151; I risiilpliide, 
3 15 

Antimonvy con^tllll1 ion of acids of, 
3. 1 <5 

.\ntimonyl salts, 314; sulphate, 
3 1 1 

Apatite. 298, 529, 510 
: .\(pia repia. 281 
' Aiaeoiiiie, .5:16 
I , 1 1 lior Siif >1 r/ii , 6 17 
i .\ fo'entati, 7 1 6 
' Arn'etii (• nitrate, (!()8 
! ,\iL;enton c.hhnitle, 606 


Aliiioina, aluminium oxide, 575 ■ Arnon, 259 

A 1 II mi nates, 57 I jAristoil , four elements of, 8 

Alumini m, .563; hrmr/e. 566, 587; , Ar-enic, 305 ; tind its compounds, 
clilof (I ■, 5(56, pn jiaiatioii of, 818; J ex nei imeiits wit h,798; d isulphiihy 

hvdroxide, 569; oxide, 575; sili ^ 3|0; penta'- iilphide, 312 ; peiilox- 

cates, 5711; sulphate, 576; sul- I ide, IllO; snljihides, experiimmls 

pliMtes l)a''i(:, 576 j with, 802 ; tri<'i lo ide, 5>17; friox- 

Aiums, 57(5 ide, 3:18 ; trioxiile, (Xperiments 

Aliinite, 578 ! with. 802; trisiilphide, 340 

Amalgamation process for silver, , Arsenie, constitulioii of acids of, 
60 j 316 

Amalt.p‘‘>’'‘^. iiides, 3,05 

Amethyst, 418 A rstmiii ret t(>d hydrogen, 3,06 

Ammonia, 260, 266; compo.sition of, Arsenopyrite, 711 
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Arsiiu*, oOO, 798 
Arsoniuiu compounds, 808 
Atomic, theory, 08; woifrhts, 71, 77, 
79, 1 ; weights uiid specilic lieat, 

•119 

A turns, ()8, 71 
All rales, 014 

Aiiiie chloride, 018; com|)()unds. 
Oil); hydioxide, 014; ^ixide, (il l 
Aiirous ehloi'ide. Oh*; eumj)ouJids, 
Oil); oifidr, 01 4 
Avidity (.1' a. id^, 440 • 

Avogadro's luw, 78 

ilalanee, 5 

P'aiM'a tin. 1)40 

HarlT’s pruiTss, 099 
liaiiti', 017 

llai'iiiiii, o 17 ; ••arhurnfe, 549; chlo- 
ride. o47; eliiomale. 007; dioxide, 
517; h\ droxide, 547; nitrate, 549; 
oxide. 517, peroxide, 547; pho,'-- 
phales, o.’iii, jdalinate. 724; sul- 
jdiaie, 519; sulphide, 5 18 
lhas, s, 01. 1 47, i;;i; ai-idity of. 188; 
const itiit loll of. 184, diaeid, 188; 
moiiaeid, 188; nomenclature ul, 
14 1; triacid, 188 
Ha-ie-liiiiii;.; pi-ocess, 098 
Jhiiixite, 504 , 571 
lie 1 1-1 Del al, 591 
neii/elie, 872 
Herthollel, 15 
Heryll, 551 

Herylliiiiii, see (ilueinum. 
llessemer process, 098 
Bismiitli, 811; hasie nitrates of, 848, 
808, diehloride, 819; oioxide, 818; 
exper.nieiit w ii h. 799. hydroxide, 
817; lit rat<‘, 811; oxyeh ioriile, 
819, 819; pentoxide, 8)19; siih- 
nilnite, 84s; mi 1 1 'lnoe, 811; tri- 
chloride, 8 1 9; trioxide, 84i; tri- 
siilph lie. 819 
Bisniuthvl stilts, 848 
Bhn-k asii. 51 I 
Hlii(4<-lead, 859 

B.caeliin.g hy chlorine. 101, 108; by 
sulphur dioxide, 285' Powder, 
110, 581 
nioeU-tiii. 040 

Blow pipe, 898; exiierimeiits with, 
808 

Bliio vitriol, 595 
Bog iron me, 700 
Boiling-points, tahle of, 820 
Bonc-hlaek, 802; li Iters, 803; cx- 
jtmiments with, 808 
Boracite, 854 


Borax, 352. 515 

Boron, 851; ex])eriments with, 808 
nitride, 850; phospluile, 850; salts 
of, 850; trichloride, 852; tiilluo- 
ride, 850 

HorvI potassium tartrate, 850 
I Brass, .59 P 017 ' 

I Brtiiinile, 019, 082 
j 1> ricks. 588 

I Brimstone, crude. 188; ndl, 188 
Britannia metal, 8(i9 040 
Bromides, experiments with. 812 
Bromine, lOl; Chloride, 100; hv- 
drui(“, 102; p»re[)aiatjoii oi, 770; 
water, 102 
Bromolorni, 875 
Bronze, 591 
Hrookiie. 412, 428 
Broun ir<m ore, 091, 706 
Ihmseii hiirner, 400 
Hu riling, 82 
j Butane, 809 
Huitei- of antimony, 818 
Hntyleiie, 8)71 

(I utiijionii, 818 

Cadmium, 022; earhonate, 010; 

chloride, 0:2; (‘vtinide, 028; sul- 
phate, ()22; sulphide, 022 
Cassiiiin, 502 
Calamine. 017 

(’alciiim, 529; carhide, 515; enrhon- 
ate, 580; chloride. 58'); chloridtg 
pf' pa rat i( HI of, 817; liuoi ide, 5;’.l ; 
liydroxide, 582 ; nitride, 5-15 ; 
oxide, 581; phosphates, 540; sili- 
cate, 542; Mi I jiliate, 588; .sulphide, 
515 

1 Cale-sptir, ;)80 
( ’:ilonii4, 020 
! ( alorie, IIT 
( alorimeter, 87 
Candle, sttindard, 895 
CarhideS, 808 

Caihoii. 8.57; nmorphoms, 800; 
elieiiiieal eondm‘t of, 8(!(); diox- 
ii'e, 8S0 ; d oxide, experiments 
with, 805; dtoxide, iidtilimi to 
life, 885; disulphide, -lOd; experi- 
ments on I'edneitig power of, 801; 
monoxide, expeiiimmts with. 
8 tO; tetrachloride, 875 
Carbonates, 880, 478 ; acid, 387 ; 

basic, 887; experiments with, 815 
Carbonyl clilor de, 392 
C, rboii silieide, 424 
Ciirbornmlum, 124 
: 'armillite, 488, 485 
Carnelian, 418 
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( ’nssitcrito. fiH!) (’lirvsolx^ryl, 573 

Cast iron. 69(>; ^^ray, 696; wliite, 696 (’innal)ar. 631 


Ciisl-st(_‘i'l, 698 
< 'aiistic ^oda, 506 
Cjivondish, 40 
Colost ite, 546 

('oiiionts, 545; liydraulic, 545 
Corif*', 5(53. 655 
Corimii, 4i:», 655 
Coriissifo, 646 
( 'lialoodoiiy , 418 
Chalcocito, 589 

( 'lialodjiy lito, 708 

Cl I a Ik 539, 536 

(dianoo proooss for rooovc'ry of .sul- 
])liur, 512 

('liaiToal, 360; al)8 Tption of ^'•asos 
bv, 803; aiiiinal, 5562; liltors, 3655 
kiln. 361 

Cln'iiiical aotiiin, 10, 426; oxaiiijdos 
(*t', 737 

(.’iK'inioal <di!in,i;o, 2; oaii'-od b\ 
olootiio ourront, 735; by lioal, 7:!l 
Cli<*iidfal react ions, .•ausos of. IIH 
kinds of. !3l; i.ioal, 4:;5 
( 'boinist rv, 55; organic, 353 

(diili saltjH.Oro, 507 

(diloratos, 476 
( 'bloraiiratns, 614 

Cliloridos, 99, 460; donl.lo, 465; 
oxporinn nts with, 812 ; I'onoral 
]>ro|>ortios of, 463; of acids, 209 
Cblorino, 96; dioxide, 121; experi- 
ments wiib, 769; preparation of, 
768; hydnite, lOl; bytlrate, pro- 
paratioii of, 770 ; li(jui<l, 104 ; 
inoiioxide. 120; trioxide, 121 
( 'lilorniercii rates, 622 
( 'Ji Ioro-u(nds, 465 
( 'liloroaliiiiiinates, 568 
( 'll lofostannat('S, 642 
( 'll lorofonn . 375 
( 'liloropliyll, 695 
Choke datii[), 384 
Clilorplatiiiales. 7550 
Cliroinates, 6655; exiieriments xvitb, 
820 

Cli rorne-al inns, 662 
Chroine-red, 668 
Cliroine-ytdlow, 668 
Clironiic, (diloride, 660; <“oin})onnds, 
658; hydroxide, (561; iron, 659; 
oxi(i(!, 662; siilpbate, 662 

Clironiite, 573, 657, 659 
Croiniiini, 657; oxychloride, 668; 
trioxiilo, 666 

Cliroinoiis (ddori<i6, 660; com 
pounds, 658; liydroxide, 661 
Cliroiiiyl chloride, 668 


Clay, 581 
( 'leveiti-, 585 

Coal, 364; anthracite, 364; bitnmh 
lions, 364; ^as, 394; experinient.i 
with. 807; oil, 358; tar. 365 
(’obalt, 71 3; cyanides, 714; sulphide 
714 

C»»hallic Ind rox ide, 714; oxide, 714 
‘.'obaltite. 713> % 

( obalt >us chloride, 713; cobaltic 
oxide, 711; hydroxide, 714; oxide 
'ill 

( 'oke, 362, 391 
( 'ol uinbi te. ;;50 
( '<dunibiinii, 351 
( 'onibiiiatioii, 1 1 . 24 ; d i rect . 431 
Coin bini iitr wei^dits, 17, 71 
Coinlnist ion, 34; experinnuits on, 
719; La voisier’s ex planat ion of, :;| 

( 'onip nind, chenii(‘al, 10, 12, 736 
( 'oiidy 's licpiid, 68S 
( 'oii>t it nt ion, 80 

< 'opper, 5>'7 ; lia'-ie carbonate, 387; 
liy<lri<h , 592; ineialhiru-y 01,589 ; 
native, 5N9; peroxide, 595; plat 
ill!:', 600; ruby, 589; suboxide, 595 
CopjM ras ;09 ‘ 

< 'orri .^i \ (■ su bliniate, 627 
( 'oi iindntii, 5.'5 
( 'ot uiiniie, 64s 
Crocoivite. t;|6, 659 
('ryidite, 1*7, 166, 503; constitution 
of, ISO 

Cupric arsenite, 598; «-arbinates, 
o98; (diloride, 592; cyanide, 59*9; 
liydride, 592; hydroxide, 5!)!; ni- 
trate, 598; oxide, 594; sulphate, 
o9.i; sn I ph ide,600, s u I p In .e \ ana t e, 
599 

Cuprite, 594 

Cuprous (diloride, 592; (diloridt‘, 
preparation of, 818; eyatiide, 599; 
livflriile, 5*92; liydroxide, 593; 
iodide, 593; oxi 9^ 591; sulplinh*, 
5*99; sulpleieyaiiate, 5!l9 
( 'yauich s, 40l . 407 
Cyauo^oui, 401; exjicrimeats with, 
SIO 

( 'yan[»Iatinites, 730 

Dalton. 15. 68 
I>atholite, 354 
Davy, 96 
Deae« Ill’s process, 

D(‘eay, 381 

Decouiposit ion, M, 24; din'ct, 432; 
don hie, 25 
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Df(T(*pitati(>n, 505 

Do la liasl io /j^lass, 544 

J)orK|UO.SOOllC(‘, 58 

l)oli(iuos(‘OMt salts, 7G4 

Dovolopofs in photography, 607 

Dialvscr. 421 

Dialysis, 421 

Diamond, 1559 

Dias])(ire, 570 * 

Di chlor-o' liano, d7d; motltano, 875 
I )i<-h rt»-c(»l)alt i('. eh loi’ido, 715 • 

I )i( li roniati s, <‘X])rrinionts with, 820 
Didiiuiam, 851, ti56 
DilTnsion, 45; ox [jorinionts on, 757 
Dimorphism, 190 
Di-sodium py roant imonato, 515 
Dissociation, 61, 811, 418; of dis- 
solved suhstanoo, 458 
Distillation, 67; dost met ive, 860; 

dry, 860; oxjaTiimmt on, 704 
lloloiidto, 88tl, 555 
Douhlo (dilorido, 465; union, 872 
I ) >11 hit' salts, 819 
Drummond lioht, 55 
Dumas, his study of eomhustion of 
hvdrogon, 49; motlmd for dotor 
minatingtho spocilic gravity of 
vapors, 765 

Kart hon waro, 5‘^2 
Klllort‘sc»‘nc(', 5S, 508 
KMloroscoiit salts, 7i)4 
Kka-alu minium, 085 
Fikti-horon, 584 
Kka silieon, 689 
Kloctrolysis, 448, 445 
Kloetiolytic dissociation, 446 
J<d(‘ctrolytic ju’ocess for chlorine, 
99 

]71fi tro-nogativo ions, 446 
I'iloct ro-positiv(‘ ions, 446 
Kloctroty])os, 600 

Klomonts, 8, 19, 21; acid forming, 
112; has('-foi ining, 1 1 1 , 455; nndl - 
ing-points and hodiiig-i)oinls, 825 
of '\risiotlo, 8 ; ro[)lacing power, 
88; svmhols (d , 19, 21 
Kind raid, 552 
Kmory, 575 

Knorgvy chemical, 88; cons<*rvat ion 
of, (i; storod up in jilants, 885 
Knstalito, 422 
Kpsom salt, 559 
Eipiations, (diemical, 23 
Erhium, 562 
Etching on glass, 179 
Etham*. 869, 871 
Et/n'ojis nut r(i‘(lix, 681 
Ethylono, 871, 874 


Euclilorine, 121 
Eudiometer, 50 

Eudiometriir inetliod, 50; experi- 
ments, 76)8 
Euxenite, 562, 585 

Faraday, 96 
Kehls|)ar, 480, 564 
Kerment, nitrifying, 277 
Ktu'inenlation, alcoholic, 881 
F«“rric chlorifle, ()95 ; chloride, jire- 
]>ar)ition ol, S2l; f<uio<‘yaniile, 
708; hydroxide, 706; soliilile, 
707; oxide, 707; sulphate, *710; 

snijihate, |)rcparafion of, 821; 
suljihide, 708 

Ferrous ammemium siilpliate, jU'e- 
paratioii of. 821; carlxmate, 708; 
chloride, 700; ferricyanide, 704; 
liydroxide, 705; oxide, 706; phos- 
phate, 710; sulphate, 708; siiD 

])hate, preparation of, 821; sul- 

])idde. 797; ferric oxide, 7('7 
f'i re-damp, 878 

Flame, 8*95; oxidi/ing, 897; reae- 
(ions,525; reducing, 897 
Fhunes, 895; <-anses of luminosity 
of, 8*99; st met lire of, 897 
Flint, 418 
/'7e/v.y zinci , 620 
I'd uocol uni hates 851 
Fluorides, constitution of, 179 
Fluorine, 177 
Flimr-spar. 177, 520 
l^diiosilicates, 415 
Fliiostannates, <)12 
Fluotantalates, 850 
Flnotitanates. 417 
i Flux, 581 
Fool’s gold, 711 

Formulas, constitutional, 81; molec- 
ular. 79 

Frankliniti', 617, 706 
r e « • /, i n g - n 1 i X I n r ( ' s , 841) 

I’nlminating inereury, 632 
Fuinaroles, 851 

( Jadolinite, 562. 584, 655 
(ladolininm, 585 
(Jahnite, 578, 617 
Galen ite, 646 
(lallinm, 685 
Gallic snlphat**, 685 
Gallons chloride, 635 
Garnet, 542 

Gases, kindling temperature of, 
807; measurement of volume of, 
741 ; weights «)!. 8:59 
(Jay liUssac tower, 214 
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(icrtnimiutn. 425, GUO; chloride, 
425; oxide, 425 
( ioriiiaii s Ivor. 51)1 , TIG 
(JorMlortliu', 71(J 
(I lass, 542 
(ihiul.or, H)5 

( I lau iioi 's s;i It , .>07 

(i lover tower, 214 

C; liieiiuiin, 551; curboiiate. 554; 

eliloritle, 552; Itvilroxide, 5514 
(Told. alloys, ti'.d; amalgam, 

()2(): diehlor.de. Gld; iiietallurov 
of, Gil; sulphide, 015 
(iral'iatn 17 
( I rapli it(‘, 1)51) 

( ireoMockite. G22 

(Jivt'u X’itriol, Tdl) 

(iuiouel's •; rei-n, GG2 
(Juu metal, 5111 
(i uiipo ‘Viler, 11)4 
(lypsum, 521), 5118 

Halogens, 1 GO 

llurdiiess, perimuient, 538; teiii- 
porv, 538 
Hard water, 538 
llaiiente, G81 
llausuiauuiti'. GT9, G81 
Heat of comOiisi on, 3G; of decom- 
]iositiott, 3S; of iieiil rtilization, 

440; sited (ic law of, 449 
11 (‘ivy spar 5 47 
Helium. 585 
Ihunatiti'. G94 
Hepnr su/f'i / d', 11)1 
Heptauc, 3t)9 
Hexane. 3G9 
Ilolmiiim, 5G2 
Homoio^•ous series, 370 

Homoloey, ;i70 

Horidtlemle, 555 
Hvdrtiiddllite. 5GD 
Hydratis, Gl. 1 14, 140 
Hydraulic ci-iiient, 515; mininef, Gl2 
Hvdia/.iue 215 
irvdroc,‘irl. -n^, 3,08, 804 
llvdrocl.luric acid hydrate, 109 
Ilv<lro,eii. 40; amount evolved 
\vlieii a. known W(3p;liL of a metal 
is dissolve 1 in an add. 751; hum 
ino' of, 49, lOG, 759; chemical 
jtroperties of, '158; dioxide, 91; 
dioxide, (‘Xperimeiits with, 708; 
]>eroxide, 91; ])ersulphide, 201; 
jtrepartition, 751; selmiide, 201; 
sulphide, 193, ‘-ul|>hide, experi- 
ments with, 780; sulpli d«i ^rmjp, 
198; sul|)hide in clu'inical analy- 
sis, 19G; telluride, 205 


TTydro^eniurn, 47 
Hydroeeii-valence, 156 
Hydrometer tal)h\ 8 41 
Hydrosulphidi's, 200. 474 
Hydroxides. Gl. 4G9: experiments 
with, 811; formation from oxides, 
23G 

Hydroxol, 237 
Hvilroxy .^iinine, 2G5, 276 
Hypochlorites, 4iG 
I ly pi'siilphite' of soda, 508 

Ic(dand spar, 53G 
Ice iiiachine, 2<>8 
lllinniiiatine; 394 
Hlnminat ion, 391 
Indium, G3G 
Infusorial earth, 420 
1 111 ;, sy mpat net 1 C, 71 I 
Iodic atihydride, d2 
Iodides, experitneiits with, 812 
Iodine, Hn; hfondde, 177; (diloride, 
17G; experiments with, 778; pen. 
talluoride, ]''0; jtentoxide, 172; 
t richloride. 17 7 
Iodoform, 375 
loll", 1 IG 

Iridium, 721; (ddoridi's, 725; oxides, 
725 

Iron, G91; carhonyls, 711; disul- 
phide, ill; p':dvauiz(‘d, G18; 
iiietallnrey. G95 
Isomerism, :,30 

Kainii<‘, 499, 555 
Koaline, 5G4, 5.80 
Klip, 1G7 
Kieseiite, 555 

Kindliiie- temperature, 34; of gas(;s, 
395 

Lump lihudt, 3G2 
Laii hauum, G55 
Lapis-l;izuli, 581 
Laughine: pas. 28 I 
Lavoisier's work, 5 
Law of delinitr* proporl ions, 11; of 
indest ructihility 'd' matter, '1, of 
iiiultiph' proportions, 15 
la-.d. 425, G4G; its compoends, 
exot riiuents with, 820; carltoi.ate, 
G52; c hlor ide, G18; cli roiiiute, t)G8; 
hydroxide, Gil); iodiih*, (ilS; 
mol vhdati', Gi2; nielallurgy of. 
Gl't; nitrate, 052; oxi(h‘, 049; pen- 
cils, 359; peroxid(‘, <150; sesipii- 
ox (1»‘. 050; sultoxide, 049; supar 
of, G50; snip al«‘, 054; siilithide, 
052; tree, 047 
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TiO Blnnc process for soda, 510 
Ijej)i(lolite, 510 
304 

l/iino. 531; eliloridc of, 110; slaki'd, 
531 

l/niH‘-liu,ht, 55 
Lime stone. 5‘iO, 530 
Lime-watei’. 5-12 
J>imi:i<‘ite, 714 

Liiino}' Erri chh>rati, 701; Ferri 
(«\'<(/uic///or(i(i, 701; iStihii j/iiirut- 
fir I, 310 
Lithar^-e, 040 

Litliium, 510; earbonnte, 517; elilor- 
ide, 5l7; i»lios|*liate. 517 
Liv«‘r of sulplmr, 401 
1 (Oadstoiie, 70? 

Lunar caustic, 000 
Iatt(‘o-col)alt ic chloride, 715 

Ma>i:nesia, 55H; a/hn, 500; vsta, 55s 
.Miprinssio feniit', 573 
Mau'in site, 555 

iMa^-nesiuni, 555; l>orat(‘, 501; ear 
bonate, 550; (ddori<le. 557; eldor- 
ide, prej)araf ion (d', S17; liydnix- 
ide, 55S; jdiospliates, 5<l(h prepa- 
ration of, 817: oxide, 55S; silicate, 
501; silieide, 501; sulphatt', 550 
Mairnetite, 004, 707 
Mahudiite. 580, 508 
Malaria, 250 
Maii'^uinates, 0S5 

MauuaueM', 182, 078; black oxide of, 
082; dioxide, 0S2; lu'pt-oxide, OSO; 
salts, ])rej)arati 'll ot, 821; tidra 
(diloible, 080; tf*t ratluoridi*, 080; 
trichloriihv (iSO 

IMan^oinie ox ide, 082; sulphate, 085 
Maipaaiiite, 070, 082 
5lan^!inites, 083 

Maii^oiiious carbonate. 085; (ddo- 
rides, 070; cvanide, 085; hvdrox 
ide, 081 ; niaa'anie oxide, 081 ; ox- 
ide, 081; sulphate, 085; sulphide, 
084 

Marble, 520, 530 
Marcasife, 71 1 
Marl, 637, 581 
Marsh na,, ^c.s, 3,00, 373 
Marsh’s test for arsenic, 310, 707 
Mass action, 430 
Mass, iniluence of, 430 
Matches, 302; safety, 302 
Matter, constitution of. 08; «‘arly 
viiovs re^ardim; com|)osit ion of, 
7; law of inilestriictibility of, 0 
Meersidiauin, 555 
Meltiii|^ ])oint, table of, 820 


MendelejelT, 148 

Mercuric, chloramifle, 033; chloriiie, 
027; compounds, 023; cyanide, 
031; diammonium chloride, 031; 
iodid<‘, 020; nitrate, 033; nitrate, 
])reparatioii of, 810; oxidt', 030; 
sulphide, 031 

Mr rrurins Uahneinnnni, 

034 

Menui rolls ammonium chloride, 033; 
addoramide, 033; chloride, 02<); 
compounds, (i23; iodide, 028; 
nitrate, 032; nitrate; preparation 
of, 810; oxide, 030; sulphide. 03() 
Mercury, 023; inetalluri^y of, 021 
Metallic properties, 150 
•Metailurjity. 458 

Mi'tals. Ill, 13>4, 450; properties, 
450 

Metastanuates, 043 
Metathesis, 25, 433 
Metat uiirrstate, 074 
Metavanadates. 350 
Meteorites, 004 
Methane, 300. 373 
Methyl alcohol, ;j00, 379 
Meyer, Lot bar, 148 
Meyer, Victor, method for deter- 
minin',^ the specitic gravity of va* 
]>ois, 700 
Mica. 542; 504 
Microcosmic .salt. 332; 523 
Minerals, 457 
I M iner’s safety lamj), 300 
Minium. 051 

Mixtures, mecliauical, 12, 730 
•Molecular weitrhis, 75, 77 
Moeeules. 73.' 71. 427 
Molybdates. 071 
Moly laU'nitt', 070 

Molybdimum, 070; chlorides, 070; 
oxides. 071 

Mono <d dor-met bam‘, 375 
Mortar, 541 
.Mosaic gold, 044 

Nascent state, 90 
Xeodvmium. 351, 050 
Neulralizalioii, 127; experiments 
on, 771 

Newlamis, 118 
Newton’s metal, 312 
N’ieeolile, 7l0 

Nickel, 710; alloys ,710; carbmiyl, 
717; cyaniib', 717; jilatiug, 717 
N'iidvelic hy<lroxide, 717 
Niekelous chloride, 717, hydroxide, 
717; oxide. 717 
Niobium, 350 
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475; basic. 280; fonnution I 
ot. <9,5; lonnution of, in tbn soil 

’ ' 

Nitricoxid(‘, 2S:); oxiu*rinifnls with 
1 95 

Ninilication, 2TT, 492 
Xitro coiiipoiimis, 2S0 
Nitroncn, 218; bori.lo, 050; oxnori- 
iJicjits wifli, 785; i<»(li(]t‘s 
iM'iitoxidc, 289; poroxidv.' 288;’ 
pt‘n>\i(i(>, cxperinionts with, 79.v' ! 
ion of, 784; relations to I 
'’•)7; structure of conipoun.is ' 
sulphide. 29;{; trichlo 
rnh-. .4.; tniodide, 2t)2; t riox ide, 
trioxidc, experiments with', 

N troprussiates. 705 

Ni!ros\ 1 ciilorule 281 

.V<m. metals, 112, 45G 


Pentane, 369 
Peruxlates, 174 
Pernxlic law, 148, 158 429 
IhMinaiient white, 549 * 
lVrmaniranah‘s. 687 
Petalite, 516 
IVfroleum, 358, 369 
Philosojilmr’s wo(d, 819 
l’lilo^riston*theor\ 3.3 


<.'<'t:ine. 360 

Oleliunt 

■ Olivine. 561 
Opal, 418 
Ores, 458 

< rpiment. 305 , 340 
Ortliite, 562 
( -rf hocJase, 423 

Osinium, 723; chlorides. 724; oxides, 

Oxidation, .slow, 35 I 

' Odes, 39, 467; aci<lio, 172 ‘>60 ' 
ha^'c, J72 ’ " ' ’ I 

‘'X.v--en, 28; amount liliernted from 
<'H>;vn wei^rl.t, „f pota.ssinm 
•' "rate. <4,j; and acid pn.porties 
MI; hurnin- of, H)7; ,hcmi.-al 
P'-d'ertu-soj, 747; physical prop- 

v'lliT' *’ /y ' P'^-d’^^’ation of, 710; 

Oxvhydro.rn li^l.t, 55; J,low.j>ip,. 
o4; hlow-pif,,., experiments with! 

' ’ .' siilfihides. 406 
'“- ■ne 85; < xporinicnts with 767 
n file air, 88 


H' 10 cldori.le, 726; oxide. 727 
;;- adM, us chloride, 726; oxide 727 
Mladmm, 726; h^ulnmen ’726- 

Mihoxidc, 727 

P:i."acyano^on, 632 
Pa-sivo state of iron, 700 

pMiison’sn.ethod of separating si 1- 

■ er from h-ad, 602 ^ 

Peat, 364 


lOlosoetie, 392 

nnmal, 

"-<0 normal. 320; primary 3 ‘><) 
secondary, 320, tertiary ;f>;) ’ 

^ P'O; li(pn<l, 304 

PI'"sphonium hromide 304- ehio 
^ ri<le. 304. iodi.lo, .‘Hm’ 
lOiosphori.' anh vdrido. | 
Phosphorite, 298. 520 ' 540 

l’h..>|,i,„n,s. 3;j|. 

< i; stalli/ed, metallic ;io|. 

"dPi. 706; iodides '317- 

■'ll; i,,, |,v. 

l.r'7'* '7' 

"■'■.’'p'"'" '-I. Sil; 

V J”‘'’’''^'de, 334; n d 301 • 

"""■'I';. :!r:: 

trnhlonde. preparation of, 799 . 
Inoxid.-, 334 ’ 

**0^ 335 Jirids 

I hosphurefted hydro^-en 302 
I liofoyraphy, 607 
Pluitonieter] 395 
Physical ehaie'c 2 
l*l'vsies. 3 " ' 

Piy inm. 696 
Pinch heck, 5!)1 
Pink .-alt, 612 
Pit Indilonde, t;75 
Placer minitiy, 61 I 
na-ter o| Paris, 539 
Pinfinie ehlori.lo, 729; eliloride 
, I-r-paration of. 821; hvdrox de' 
">^'< 1 '*. 7:50; sulphide, 730 ’ 

, iMmous chloride, 720; hydroxide, 
"XHlo. 730; sulphide, 7;50 
. ‘ 'Mmum 727; alloy.s, 728; bases, 

I oil; hlaek, 727; cyanides 7''9- 
n.etals, <22; spun^ry, 707 
Pliind»a/.ro, 359 
IMnml)ate,s, 651 
Plnmhites. 650 
Polymerisni, 515 
Polysnlphides, 207 
Porcelain. 5M2 
Potash. 483. 500 
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Potassium, -183; alum, 578; l)ro- 
mido, 485; carhoiuitt!, acid, 5()(); 
cjirbonatc, (‘xtijctiou from wood 
aslius, 810; chlorate, 114, 41)4; 
chlorate. i»re])anil ion of, 772; 
chloride, 4.sr>; chlorii idute, 725; 
chlorthorate, 417; <-hromHl(‘, 004; 
cyaiiati', 108; c\*anale, f reparation 
ot, 810; ryaiiide, 41)0; evanide, 
preparati.fii of, 810; diclimmatei 
bOl ; <ii pei'indiite, 4J)(J; isii I |)l^il 

500; ferrievanide, 701; ferr<)c\a- 
iiid(*, 401, 702; lluoe-ei'inanaic', 031); 
lluori(h',485; lluosilicate, 1 15; Ihio- 
thorale, 417; fliiotitauate, .112; 
hydride, 485; hydrosulphidi‘, -I'.K); 

hvdruxidt', ISS;' Jiydr.)xide, prep- 
aration of, 818; hypoehlorile. 114; 
iodide. 185; iodide, preparaiimi of, 
8lli; mancanate, 080; inanyanafe, 
pre|>aration (d'. 821; nn'soperio- 
dale, 100; nitrati', 102; nitrite, 
‘'401; (.smite, 721; oxide, 4S0; 
l>ercli Ionite, 1 18, 405; j.erchlorale, 
pn-paration of, 770; ixudodate, 
40ti; jiermaniranate. 183, 087; per- 
imini;ate, preptiration of, 821 ; per- 
oxide, -180; perrufhenite, 723; 
])liosp!iates, 500; polysulpliides,’ 
401; rutheiiite, 723; silicali', 501; 
staniuite, 013; su I plninl inionate, 
102; sul[)lijirseii/ite, 402; sulph- 
arseiiite, 402; sulphate, 408; siil- 
pliate, acid. 400. sulphide, 400; 
suljdute, 500; sulphite, acid. 500; 
milphoi-yamin*. 408; tetrachro- 
mate, 008; ticli romtite. ()()8 
I’rasrio-cohalt ic chloride, 715 
Praseodymiiitn, 351, 050 
Preptirin*;' sail, 013 
Priestley. 28 
Printinc-ink. 302 
Projiane, 300 
Proj.ylene, 371 
Proust, 15 
l^ru'sian hlue, 704 
Puddlin^^, (i07 
Purple of rassius, 014 
Pur[)ur(‘<)-col)iilt ic cliloride, 715 
Pyraru:yr;te, OO:} 

Pyrohisite, 070 
Py roplios])hates, 331 
Pyrosiderife, 700 
Pyrrliotite, 004 

Quartation. 013 
Quartz, 410, 418 
Quick-lime, 531 


Haoult .s method for determining 
tnoleitiilar weights, 521 
Kejiction, cliemical, 24; endother- 
mic, 94; exotliermic, 04 
Kealgar. 305. 340 
Red lead, 051 
Reducing agent, 47 
Reduction, 47; hy carhon, 368; by 
hydrogen. 750 
Respiration, 383 
j^evM'i'sion of phosphates, 541 
Phodium, 721 
Pllodocroisite. 079 
Hinmann’s e reen, 022 
Pojisiing, 474 
l*oclv-cr\ stal, 418 
Ih.seo-cdhalt ic chloridi’, 715 
Pos(‘’s mettil, 312 
lh)ug(\ 717 
Pnhidiiim 502 
Puhy, 575 
Pul.y copper, 501 
h’upcrt’s drops, 514 
Pnlheniiim, 722; cldoride, 722; ox- 
ide, 723 ’ 

Rniile, 412, 423 

, Safety lam|), 374 
Sal amnion ia(“. 200, 519 
Stilt, common, 504 
Sail peter, 192: iilantat ion.s, 492 
Salts, 131. i;i0; acid, 130; h’as c, 138; 
const itiilion >>{', 1,30; decom])osi- 
tion of hy hasi's, 400; forimition 
of. 401; nmitral, 137; nomen. 
<d;itnre ol, 144; normal, 137 
130 

Samarium, 585 
Saimirskite, ,585 
Sand, 418 
S:ip|»hire, .575 
Scandium, 584 
Sclicele, 28 
Schcele’s green, ,508 
Scluadite, 673 
Sclilippc’s salt, 346, 506 
Schweinfurt green, 508 
Selenium, 203; acid chlorides of, 
243; dioxide, 243 
Serpentine, 423, 555 
Sid*‘rite. COl, 7(')2 
Siemems-Martin furnace, 698 
Silicates, 480 
Silicides. 424 

Silicon, 410; dioxide. 418; hexa- 
chloride. 414; hydride. 412; mag- 
nesium, .557; ])re]>nration of, 810; 
tetrachloride, 413; tetrafluoride’ 
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414; ietnilluoride, proparation of, 
811 

^lilvcr, (101; allotropir forms of, 
alloys of, COd ; amaliram, 60(5 ; 
lioralos, 609; bromi<li‘. <»06; chlo- 
rido, 606; rhronmt**, 668; ovniiidi*, 
609; iodulo, 606; moUiiluriiV of, 
602; nitrat<\ 608; octohorat*', 
609; oxide, OOS; peroxide, 608; 
sulx'xide, ()0S: siilplud«\ 608; .vul- 
])ii( M \ aiiale, 609; tree, ]irepara-* 
tioii ill', 81J; tria/.oale, 608 

Slakii'iX. r)d2 
Smalt, Tld 
Smaltito, 713 
Miiithsonite, 617 

Seai>stone, odd 

Soda, caU'iitod purifleil, dll; crude, 
dll; <TvstuHi/od, dll; from cryo- 
lite, did 

Soda-water, 118, d 

rodiiim, d02; alum, dl9; ntua'iram, 

. 62d; ammonium ]diosj)hate, d2d.; 

borate, did; lu’omi le, d06 ; car- 
, boiuife, 509; carbonate, acid or 
])rimarv, dbl; ('arboiiate, ])n'ji.‘ir- 
jitioii of, by ammonia pi’iS'ess, 
816; chloridt', dO-1 ; (diromate, 
Otil ; di liromate, 6«i7 ; tluoride, 
506 ; bydride, dO I ; hydroxide, 
d06; iodide, 506; nit roprussiaie, 
70d ; metapliospliate, 3j9, did; 
monoxide, 506; nitrat', d06; pai- • 
tuiitrslaie, 674; pei’oxide, dOl» ; 
phosphates, 514; |)Otassium car' 
hoiiale, .514; pyrophosphate, 360; 
silicate, dltl; slannate, 64d; snl- 
jthant imonat e, d06 ; snlphat«*. 
do7 ; snlidiat(*, experitm-nt on 
suiH-rsatiirated solution of, 816; 
lliio'-n Iphate, 224, d08; uratiate, 
677 

Sf)l(hT. -oft, 610 
Soil! hi 1 it ic ., table of, 826 
sfdution, 6i; as an aid to chemical 
action, 64 

Sol V ay y»roc(‘ss fur -<»da, 512 
Spathic iron, 691, 708 
Spi cific lieat and atomic weiglits, 
419 

Spet'itic j:ravity of vapors, d<‘ter- 
minatioii of, 765 
Speciroscope, 525 

Spectrum, handed, 526; continuous, 
526 

Sphalerite. 617 
S[)ii'y;el iron, 697 
Spinels, 572 

apiritUM fnmans Liharli, 042 


Spitting of silver, 004 
Spodiimene, 516 
Stahl, 66 
Stalactites, 567 
Sialaiymites, 567 

Stannic chloride, 642; cblorid*-, 
]>n‘pitrati(tn of, 860; hydroxide, 
642; oxi<'<-, 614,' salts. 645; sub 
phate, 645; sulphide, 644 
Slannite, 66 1 

Stannous chloride. 641; <diloride, 
jneparation <d’. 819; hydioxidi-, 
61J; oxide, 646; salts, <)45; sul- 
phate, 64d; sulyihide, 644 
Stas. 15 
Steel. 698 
Stil.ine, 669, 799 
Stilmile, 608, ;54,5 
Stoi/,il<*. 676 
Strass. 546 
Stromeyeril<', 608 
Sloni iaiiite, 5 16 

Strontium, 546; chloriile, 546’, 
hydrox de. 516; rii rate, 54t5 ; 
('Xi<le. dlt»; sulphate, 546 
Suhliniatioti, 519 
Substitution, 41 , 102 
Sn peiphosjihate of iiiiu*, 511 
Siilpluintimoiiates, 646 
Suinliates, 476; expi'rinients witli, 
Hit 

Sulphides, 191 . 472 
Siilphiles. 6.2. 418; acid, 222; nor- 
mal. 222 

Siiipho-salts, 475 
Snlpho'^iannates, 61 1 
Sul[)liur. 187; acid chlorides of, 
26)'. » ; auratum, 6415; diidiloride, 
2 2 : dioxide, 266 ; dioxide, ( x- 
pt-nim-nts with, 786; experiments 
with, 779; llouers of, 188; hept- 
oxide, 266; liexioilide, 263; in- 
soluble, 191; nionii(diloride, 666; 
suv<jii iux ide, 663; soliihh*, 191; 
stick, 188; t t r^ndiluride, 202; 
trioxidu, 66t5; trioxide, experi- 
ments with, 784; waters, 187 
Sulphur aurtOum, 34f» 

Sn lphur,eon.stit lit ion of acids of, 226 
.Snlphuiettfd hydrogen, 19:1 
Siilphuryl chloride, 610 
Sulphnryhhvdroxyl chloride, 641 
Su phvdrates, 6tK) 

Sylvitl-, 483, 485 

Symbols of cuinpoiinds, 22; of ele- 
ments. 19, 21 

'I’ach \<1 1 ite, 530 
'I’alc,' 555 



INDKX. 


853 


Tantnlito, 350 
Tantalum, 350 

Tartar, crude, 483; emetic, 344 
Tellurium, 204; dioxidi*, 24;)*, tetra- 
cld.u-ide, 205; trioxide, 245 
3'eiu|H'riu^ oT glass, 544; oi steel, 

m 

Tetra-cOlor-ethaii^, 373 
'retra-chlor-metliaue, ;)7.’T 
Thaliic cliloiide, ‘idli; hydroxide, 
637; sul {finite, 637 
Thalliuiu, 636 * 

I'hnllous chloride', 636; hydroxide, 
63)6; phospliate, 637; suliihale, 
637; sulphide. 637 ^ 

'I'lieorv, use and value' of a, 70 

'rhenu’oche'iuie.'al lueasuremeuts, 

value of, 43.0 
'I’lieruioche'iuist ry, 27 
'I’liiouvl chloiiele, 239 
Thomas (lilehrisl jiroetess, 698 
'I'lioritc, 413 

Theuiuni. 413); dioxiele, 424; l*“lra- 
chloride, 417; lelralluorule, 417 
O'hulium. 562 

Till, 425 ; aiualgam. 640 : metal 
hiruv of, 639; salt, 641; stone, 
630? 6 44 

'I'itaiiium, 412; dieixiele. 423; sul- 
l)hati', 424; tel rachloride, 416; 
telratluoriele, 417 
Titanyl sulphate, 424 
4'olue‘iie, 3)2 
O'ri chleir-me'thane, 375 
Trielviuile', 418 

Triphj liukau.'. 373; union. 373 
4'ungstate's, 673 

Tungste-n. 673; chlorides, 6)3; 

oxieles. 6)4 
O’u rii 1 Ml 1 1’-’ hi 111', < 05 

Tu vi'ie s, 605 

O'ypi' metal, 300 

IJltraiiiariue'. 581 
I'ranaies, 6.7 
I’raiiinite, 67'» 

Uranium. 675; chlorides, 676; ox- 
ieles, 676; yellow, 677 
Uranoiis salt', 67() 

Uraiiyl salts, 247, 676 

Vale'uce, 81. 428; variations of, 155 
Vunairmiii, 350; chlorides, 3o0; 
oxides, 350 


Vein-mining, 611 
Ventilation, 258 
Vitriol, oil of, 211 
Vitriols, 596 

Volumes, law of comhination hy, 45 
W ater, 57; as a .solvent, 62; con- 
tamination of, hy sewage, 67; 
detewminalion of composition of, 
766; in organie; suhstances, 763; 
of crvstairr/.alion, 57, 763; proofs 
^ol coinposiiion ol. 58; purifieui- 
tie)n e)f, 67 ; synthesis of, 50; 
transl'ormalion into earth, 5 
Water gas. 43, oSO * 

Water-glass, 501, 516 
Waters, chalyheate. 66; elTerves- 
o'liT, <01; natural, 65; sulphur, 66 
W<‘iiilits. utomie', 10, 21; combin- 
ing, 17, IH 

Weights, length aiiel volume, com- 
])arise)n »d , 840 
Weldein’s preicess, 00, 682 
White leael, 653 

White' pn-cipilate, 633; fusible, 
6;51; infiisd)le, 633 
W ithe'i ite', 547 
We)l f rtiiiiite*, 673 
W Ollastonite. 542 
W Ood s m. lal. 312 
Wooel spirits, 360 
W ork, che'inical, 38 
Whoiii-ht iron. 697 
Wulfi'iiile, 616 

Xvleiu*, 372 

Velleiw ])russiatc of potash, 401 
^■^t»'rhiunl, 581 

Ytiriutn, 5Sl ; chloride, 584; 
h\ilroxieh', 584; e)xiih', 584 

Zeolite-s. 512 

Zinc, 617; aliens, 618; hh'neh>, 614; 

)';irl)onaie*, 621; chl<)rith*, 618, 
dust, 617; expe'riment eui liuming 
of, M19; hyelroxiih'. 610; metal- 
lurgy of, 617; oxieie. 620; solu- 
tion of. in soelium liytlreixiele, 810,* 
sulphate, 621; sidphiele, 620 ; 
white, 620 
Zircon. 41:;, 424 

Zire-eiiiium, 413; dieixide, 424; oxy^- 
Ihioriele', 417; tetrachloride, 417; 
tetriilluoride, 417 







